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FOREWORD

The ITU Telecommunication Standardization Sec{tfU-T) is a permanent organ of the InternationBtlecom-
munication Union. ThelTU-T is responsible for studyindechnical, operatingand tariff questionsand issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, edtabtighied
for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

ITU-T RecommendatioX.31 was revised by th&TU-T Study GroupVIl (1988-1993) andvas approved bthe WTSC
(Helsinki, March 1-12, 1993).

NOTES

1As a consequence ofraform processvithin the Internationallelecommunication UniolTU), the CCITT ceased to
exist as of 28 February 1993. In its place, Iflé¢ Telecommunication Standardization SedtdtJ-T) was created as of 1
March 1993. Similarly, in thisreform processhe CCIR and thelFRB have been replaced bye Radiocommunication
Sector.

In order not to delay publication dfis Recommendation, no change has been madkeitext to references containing

the acronyms “CCITT, CCIR or IFRB” otheir associated entities such as Plenasgembly, Secretariat, etEuture
editions of this Recommendation will contain the proper terminology related to the new ITU structure.

2In this Recommendation, the expression “Administration” is Usedonciseness timdicate both a telecommunication
administration and a recognized operating agency.

O ITU 1993

All rights reserved. No part @his publicationmay bereproduced or utilized iany form or by anyneans, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation X.31

SUPPPORT OF PACKET MODE TERMINAL EQUIPMENT BY AN ISDN
(Malaga Torremolinos, 1984; amended at Melbourne, 1988 and Helsinki, 1993)

The CCITT

considering:

(a) that DTEsconforming to Recommendatiod.25 will be used, at least during thevolution of integrated
services digital networks (ISDNjndpossibly thereafter, isonjunction withpacket switched data transmissiervices
(PSDTS) provided on an ISDN or via an ISDN to PSPDNSs;

(b) thatpacket-mode TE1s conforming tioe I-Series Recommendatioxi$.430/1.431) ateference points &nd T
will be used in conjunction with PSDTS provided by an ISDN or via an ISDN to PSPDNS;

(c) that the functions and protocol defined by this Recommendation must allow the provision of the setwoek
defined in Recommendation X.213;

(d) that the interworking function between an ISDN and a PSPDN is defined in Recommendation X.325;
(e) that the demand access to PSPDNs is defined in Recommendation X.32;

® that the dedicated access to PSPDNSs is defined in Recommendation X.25.

unanimously declares
that the following should apply for the support of packet-mode terminal equipment by an ISDN.

This Recommendation addresses the following aspects:

1) definition of the aspects of tipacket-mode services providedtte ISDN users in accordance with the
bearer services defined in I-Series Recommendations;

2) definition of the procedures at th8DN user-network interface for accessing packet-mode services in
alignment with Recommendations 1.430, 1.431, Q.921 and Q.931,;

3) definition of the TA’s functions for adapting existing X.25 terminals.

PADs may besupported within the network, in whiatase existing Recommendations stedply for asynchronous
access (e.gX.3, X.28, X.29, X.52)The support of asynchronous access by an ISDtfrough anlSDN is not within
the scope of this Recommendation.

1 General service aspects

Two main services for packetvitched data transmission are defifiedpacket-mode terminals connectedhe ISDN,
namely:
Case A access to a PSPDN (PSPDN services);

Case B use of an ISDN virtual circuit service.
The provision of these services is defined in the 1.230-Series Recommendations.

In Case A an ISDN transparent circuit connection, either permanent (i.e. non-switched) or demand (i.e. switched), is used.
The corresponding ISDN bearer service is a 64 kbits service as described in Recommendation 1.231. The service available
to the user is that of the PSPDN described in Xpg&manent accesajd X.32 (demandccess), as well as in other X-

Series Recommendations (e.g. X.2, X.121).

1) This Recommendation is also included in the I-Series Recommendations under number 1.462

Recommendation X.31  (03/93) 1



In Case B an ISDN virtual circuit service is used, as described in 3.2.1/1.238eil/iee available is described in |-Series
Recommendations.

In Case A only B-channel can be used to access the packet switched service at the user-network interfacgéasehie in
both B- and D-channels can be used. The detailed service aspects for both cases are described in 3.

This Recommendation covers the following procedures at the S/T reference point:

— B- and D- channeadccess on both basandprimaryrate interfaces. Application to H channel access is for
further study.

— X.25 LAPB procedures on the B-chanrehd Q.921LAPD procedures on the D-chann&.25 LAP
procedures are not considered here.

—  X.25 packet layer procedures on both B- and D-channels.

In addition, this Recommendation defines the use of Q.921 and Q.931 procedureapmrberiate fothe establishment
and release of a physical path through the ISDN.

2 Reference configurations

The configurations given below atke basis on which the support 25 DTEs and TE1ls. by théSDN should be
standardized. Interworking considerations are defined in 5.

These configurations are also the basis on which the support of packet mode TEs by an ISDN has been standardized, since
an X.25DTE and itsTerminal Adaptor (TA) is always equivalent to a packet mode THHAea®/T interfaceTherefore,
everyreference irthis Recommendation to the combination ofa@5 DTE and its TA shouldalways be considered as

being applicable to a packet motELl. However, somd Elsmayhave more capabilitthan thatavailable from arX.25

DTE and its TA. Similarly, this Recommendation covers the support of NT2s operating in the packet-mode.

Multiple X.25DTE + TAs or TE1s, or a combination therewfy besupported at theustomer premises. Multiphé.25
DTEs may bemultiplexed at layer 3 by an NT2 onto a single B-chanMelltiple TAs or TEls are able to usee B-
channel, one at a time, on a per-call basis.

NOTE — Multiplexing at layer 2 within a B-channel is for further study.

This Recommendation only applies to packet mode operation cauiethdependently on a singlSDN network
connection type (i.e. involving either a B- or D-channel).

2.1 Configuration when accessing PSPDN services (Case A)

This configuration (see Figure 2-1) refersthe service of Case Athusimplying a transparerttandling ofpacket calls
through anISDN. Only access vithe B-channels is possible. In this context, dmdy supportthat anISDN gives to
packet calls is a physical 64 kbit/s circuit-mode semi-permanent or demand transparent network coypettaween
the appropriate PSPDN port and the X.25 DTE + TA or TE1 at the customer premises.

In the case of semi-permanent accebg, X.25DTE + TA or TE1 is connected to the correspondi®BN port at the
PSPDN (AU). The TA, when preseperforms onlythe necessary physicahannel rate adaption between the user at the
R reference point and the 64 kbit/s B-channel rate. Q.931 messages are not used in this case.

In thecase of demand accessRBPDNS, which is illustrated in the upper portion of Figure 2-1XtB8& DTE + TA or
TEL1 is connected to d8DN port athe PSPDN (AU). The AU is also able to set up 64 kpitigsical channels through
the ISDN.

In this type of connection, originating calls will be set operthe B-channel towards the PSPDN port usingl8iaN
signalling procedure prior to starting25 layer 2andlayer 3 functions. This can l#one by exploiting either hot-line
(e.g., direct call) orcomplete selection methods. Moreovéite TA, when presenperformsuser rate adaption to

2 Recommendation X.31  (03/93)



64 kbits. Depending on the data rate adaption technique employed, a complementary function may be needed at the AU of
the PSPDN (see 7 on TA rate adaption).

In the complete selection case, two separate numbers are used for outgoing access to the PSPDN:
— the ISDN number of the access port of the PSPDN, indicated in the Q.931 SETUP message;

— the address of the called DTE indicated in the X.25 call request packet.
The corresponding service requested in the Q.931 SETUP message is ISDN circuit-mode bearer services.

For calls originated by the PSPDN, te@meconsiderations aabove apply. In factwith reference to Figure 2-1, the
ISDN port of the PSPDN includes both rate adaption (if required) and path setting-up functions.

When needed)TE identificationmay beprovided to the PSPDN by using the call establishment signalling protocols in
Recommendatio.931. Furthermore, DCE identificationay beprovided to the DTE, when needed, by usingsimae
protocols.

For the demand access case, X.25 layer 2 and layer 3 operation in the B-channel as well as service definitions are given in
Recommendation X.32.

Some PSPDNs may operate the additional DTE identification procedures defined in Recommendation X.32 to supplement
the ISDN provided information in Case A.

s
:: ISDN
SIT |j PR ~ P -
h N /// '\\ . //
1L S . o
I T s
il S E BN A
_ i / T T \ u
I — i —
Il S i -
\ i
SIT Y E / A
A\ T K U
H N \ ;
T \\ N /" \, N
4
1 S\/|T S z""/ s ~.
1 e
TE1 k T0716900-93/d01

I

i Reference points

i (see Recommendation 1.411)
I

B-channel is used

AU ISDN access unit ports
TA Terminal adaptor
NT  Network termination 2 and/or 1
ET Exchange termination
TE1 Terminal equipment 1
NOTES

1  This figure is only an example of many possible configurations and is included as an aid to the text describing the
various interface functions.

2  See Recommendation X.325 for interworking guidelines.

FIGURE 2-1/X.31
Configuration when accessing PSPDN services
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2.2 Configuration for the ISDN virtual circuit service (Case B)

This configuration refers tdhe case where a packétandling (PH) function is providedwithin the ISDN. The
configuration in Figure 2-2 relates to ttase ofX.25 link andpacket layer procedures conveydough the B-channel.
In this case, th@acket call is routedyithin anISDN, to some PHunction where theomplete processing tie X.25
call can be carried out.

The PH function may be accessed in various ways depending on the related ISDN implementation alternatives. In any case
a B-channel connection is set up to/from a PH port suppottiagiecessary processing for B-channel packet calls,
standard X.25 functionfor layer 2andlayer 3 as well as possible path setting-up functiontayer 1andpossible rate

adaption.

The configuration in Figure 2-3 refers to the case of X.25 packet layer procedures conveyed through the D-channel. In this
case a nhumber of DTEs can operate simultaneously through a D-channel by using connection identifier discrimination at
ISDN layer 2. The accessed port of PH is still able to support X.25 packet layer procedures.

It is also important to note that the proceddmesaccessing SDTS through atSDN user-network interface over a B-
or D-channel are independent of where the service provider chooses to locate packet handling functions, i.e.:

a) in aremote exchange or packet switching module in an ISDN;
b) in the local exchange.

However, the procedures for packet access through the B-channel or the D-channel are different (see 6).

In both cases of Band D-channehccesses, in theervice of Case Bhe address of the called DTE is contained in the
X.25 call requespacket. The establishment of thieysical connectiofrom the TA/TE1 to thepackethandling functions

is done on the basis of the requested besmice (ISDN virtuatircuit service), thereforehe user does n@rovide any
addressing information in the Q.931 procedures.

For demand access case, some ISDNs may operate the DTE identification procedures defined in Recommendation X.32.

3 Service aspects

3.1 Access to PSPDN services (Case A)

Interworking considerations are defined in 5.

3.1.1 Service characteristics

In this case, théSDN offers a 64 kbit/sircuit-switched or semi-permanent transparent network conndgperbetween

the TA/TEland the PSPDIgort (AU). In the switche@ccess castae AU must be selected by the called address in the
D-channel signalling protocathen the TA/TE1 sets up the circuit-switched connection to the AU. In the non-switched
access case, Q.931 call control messages are not used.

Since thepacket switched service provider isP&PDN,some DTEs aréSPDN terminalsthey arehandled by the
PSPDN. Other DTEs may access the PSPDN without subscribing to the PSPDN permanently.

In the first case, theame services @BSPDNservices are maintainedcluding facilities, quality ofservice (QOS)
characteristics anBTE-DCE interfaces. Ithe case where a DTE is not subscribinglte PSPDN, it will bgrovided
with a limited set of PSPDN facilities (see Recommendation X.32).

Every DTE will be associated with one or more ISDN (E.164) numbers. In addition, anByl Beassociated with one or
moreX.121 numbers assigned by the PSPDN(s) associated by the DTE. The rieetkd2b packets to convey numbers
from the ISDN numbering plan and the relationship with X.121 are described in Recommendation E.166.
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1 This figure is only an example of many possible configurations and is included as an aid to the text describing

the various interface functions.

2 In some implementations the PH functions logically belonging to the ISDN may reside physically in a node of the

PSPDN. The service provided is still the ISDN virtual circuit service.
3 See Recommendation X.325.

4  See Recommendation X.320.

FIGURE 2-2/X.31

Configuration for the ISDN virtual circuit service
(access via B-channel)

3.1.2  User access capabilites

In thiscase DTEs belonging to user classes of service 8 &md B0 ofRecommendatioiX.1 (categories of access Q1 to
Q5) can be supported with no restrictions on the usgeobmmendatioiX.25. The rate adaption mechanism for user
classes of service 8 to 11 (categories of access Q1 to Q4) as well as the TA functionalities are described in clause 7.

3.1.3 Basic rules

Packet data communications, when using a switched B-channel, will be established by separating the establishment phase
of the B-channel and the control phase of the X. 25 virtual circuits using the X.25 protocol (link layer and packet layer).

In general ISDNhas no knowledge of the customer’s terminal equipment or configuration. The incoming B-channel
connection establishment will have to employ the D-channel signalling procedure (see Recommendation Q.931).
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"""""""" D-channel is used Il (see Recomendation 1.411)

TA  Terminal adaptor

NT  Network termination 2 and/or 1
ET  Exchange termination

TE1 Terminal equipment 1

PH  Packet handling function

NOTES
1  This figure is only an example of many possible configurations and is included as an aid to the text describing
the various interface functions.

2 In some implementations, the PH functions logically belonging to the ISDN may reside physically in a node of
the PSPDN. The service provided is still the ISDN virtual circuit service.

3 See Recommendation X.325.
4  See Recommendation X.320.

5  This connection is either on demand or semi-permanent, but has no relevance with the user-network prodedures.
Only internal procedures between the ET and the PH are required.

FIGURE 2-3/X.31

Configuration for the ISDN virtual circuit service
(access via D-channel)

3.1.4 Notification classes

There is one class in terms@f931procedures to notifthe user of X.25 incoming calls. addition there iso#ification
class which does not u§g931 procedured.hese two classasay beprovided on a subscription basis. Networks shall
provide one or more of these classes. These classes are defined in 3.2.3.1 and 3.2.3.2 with the following exceptions:

— Theterms used in 3.2.3.1 apply by replacing “PH” with “AU".
—  Only the B-channel access will be used in this case.

— Mapping of information in the conditionehse is restricted tilie information elementvailable for end-
to-end transfer of information.

3.2 Access to the ISDN virtual circuit service (Case B)

Interworking considerations are defined in 5.

3.2.1  Service characteristics

The virtual circuit service providedithin theISDN is aligned with what is described in the X-Serfgscommedations

(e.g., in terms of facilities, quality of service, etc.).

6 Recommendation X.31  (03/93)



The service and facilities provided as well as the qualigeofice characteristics are thosdhafISDN. Existing features

of the X-Series Recommendations may be enhanced and additional features may also be developed taking into account the
newISDN customer capabilities. A numbiom the ISDN numberingplan will be associated with one more TA/TEL

(see Recommendation E.164).

3.2.2  User access capabilities

In this case both B- and D-channels can be used for accessing the ISDN virtual circuit service.
3.2.2.1 Access through the B-channel

3.2.2.1.1Service limitations

In this case DTEs belonging to user classes of service 8 amdB0 ofRecommendatioiX.1 (categories of access T1 to
T5 and Y1 to Y5) can be supported with no restrictions on the ustecdmmendatiorX.25. The rate adaption

mechanisms fouser classes of service 8 to 11 (categories of access T1 tmd'41l to Y4) as well as the TA
functionalities are described in clause 7.

3.2.2.1.2Basic rules

Packet data communications, when using a switched B-channel, will be established by separating the establishment phase
of the B-channel and the control phase of the virtual circuits using the X.25 protocol (link layer and packet layer).

In general an ISDNas no knowledge of the customer’s terminal equipment or configuration. In the deccasd case
the incoming B-channel connection establishment \Wwdlve to employthe signalling procedures of clause 6
(see Recommaelation Q.931).

3.2.2.2 Access through the D-channel

3.2.2.2.1Service limitations

In this case DTEs belonging to user classes of service 8 to 10 of Recommendation X.1 (categories of access U1 to U4) and
except on basic access user class of service 11 of Recommepdat{oategories of acce&sb) can be supported subject

to the limitationimposed by LAPD as regartlse maximum |-fieldlength of the informatioframes (parameté&d201 as

defined in Recommendatid@.921). Inany casethe maximum number obctets in the information field of eadfame
transferred on the D-channel shall be 260.

3.2.2.2.2Basic rules

The following principles must always be respected in ordeffer TE access tthe PSDTS, as it is defined in the
X-Series Recommendations, particularly X.25.

A single SAPI = 16 LAPDIink, as viewed by bothhe network and the usemust support multiplexing of logical
channels at X.25 layer 3. Additionally, because the msgthave a multipoint accesandbecause a single TA or TE1 is
allowed to operataith morethan on€eTEl, the network must support the presence of mul§#| = 16 LAPD logical
links simultaneously operating #DN layer 2. Thisresults in the requirement that the network be able to support
simultaneous layer 2 and X.25 layer 3 multiplexing for D-channel packet mode connections.

All X.25 packets, includingall requestand incoming calpackets must be transported &mdfrom the TE in numbered
information frames (I-frames) in a SAPI = 16 LAPD link.

An incoming callpacket will be transmitted to a TE only after the public networks check at least the following:

— compatibility of user facilities contained in the incoming call packet with the called subscriber profile when
present,

— availability ofthe X.25logical channel, eithewo-way or incoming, owhich the incoming calpacket is
sent.
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3.2.3  Notification classes for X.25 incoming calls

There are three classes in term&Qa@31procedures to notifthe user of incoming calls. These classey beprovided
on a subscription basis. Networks shall provide one or more of these classes.

3.2.3.1 Nonotification class

The network shall allocate incoming calls to a channel (D/B) using a network implemented algorithgh93o
procedures are used to notify the user of incoming calls. Two subclasses are recognized:

a) Semi-permanent (nailed-up) connections to the PH
An incoming callpacket will be directly delivered over the semi-permanent connection.
b) User initiated demand connections (at the called side)

The user is responsibfer initiating channels to the PH using Q.931 procedures. If the user has not
initiated channels to the PH, the network shall clear incoming calls.

3.2.3.2 Conditional notification class

Q.931procedures are onlysed by the network tactivate achannelfor delivery of an incoming callvhen there is no
availablechannel in theactive state as defined in Recommenda@o831. Subsequent incoming calls to same ISDN
number will be delivered over this channel without using Q.931 procedures.

Some networksnay havethe ability to maintain information related to the state of the upacket accesshannel. The
networkmay apply an algorithm to determirtbat no additional X.25 calls should be added todttéve packet access
channel. The network may then reject the X.25 call immediately or use Q.931 procedures in an attempt to activate another
channel for the purpose of delivering additional X.25 calls.

NOTE — Somenetworks may also compare teabaddress and use Q.98tbcedures in an attempt &xtivateanother
channel for theurpose ofleliveringadditional calls when thkiSDN addresdliffers fromthe ISDN address of the terminal withctive
packet access channel.

3.2.3.3 Unconditional naotification class
Q.931 procedures are used by the network to notify the user of each X.25 incoming call.

In this Case, the usenay select a B-channel which has either a demandeani-permanent connection between the
terminal and the PKkee Tablé-3). In case a B-channelith semi-permanent connectionay beselected, the network
needs to identify the terminal connected to that B-channel. The use of the non-automatic assignmemhaf H&1
applicable as a network option for this purpose. Other methods for terminal identification are for further study.

As Table 3-1 notes, all dhe information that is in thX.25 incoming callpacket is mapped tthe Q.931 SETUP
message. Table 6-4 contaitte X.25/Q.931 correspondirigformation elements. Mappingay berestricted by length
limitations of the SETUPnessage i1Q.931. In thecase of mandatory mappirtfjs restrictionmayresult in the clearing
of the call. ThexX.25 call will not be cleared if the Q.93tiessage segmentationused. Incase of optional mapping for
conditional notification class; or length limitation violation in case of mandateapping when Q.931message
segmentation is not used, individual information elements will be selected by the network tgpbd maprdemot to
exceed Q.931 SETUP message length limit, and will not result in clearing of the X.25 call. The exactarrgel&tion
of Information Element to be mapped is network-dependent. fliatein thiscasethe incoming X.25 calpacket will
include facilities which are not present in the Q.931 SETUP message.

3.2.3.4 Information mapping from the X.25 incoming call packet to the Q.931 message

In case othe conditional notification and unconditional notificatidasses, some dfie information present in th€.25
incoming call packet should be mapped into the Q.931 SETUP message as indicated in Table 3-1.
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TABLE 3-1/X.31

Information mapping requirements for notification classes

Notification class Information mapping
Conditional notification Called DTE address M
Called subaddress M (Note 1)
Any others O
Unconditional notification All (Note 2) M

M  Mandatory
O  Network option

NOTES

1 For networks whictsupport thelSDN supplementanservices MultipleSubscriber Number and/@irect
Dialling In, mapping of the X.2Balled extension facilitparametefield to the called subaddresdield in DSS 1
SETUP message is optional.

2 “All” means as many as possible using available information elements shown in Table 6-4.

3.3 Compatibility checking
This subclause is relevant for both Case A and Case B services.

Information subject to compatibility checking the public network(s), in the terminaystems, or in botthe public
network(s) and the terminalystemsavhen establishing a communication between systemscan be divided into two
basic capabilities.

— The transmission capabilitjnay include ISDN network connection types, bearer service identification
information in relation to layers 1 to 3 in the terminals, and facilities defined in Recommendation X.2.

—  The communication capability involvéggherlayer functions forstandardized applications in relation to
telecommunication services. Other informatiomhich is passed transparently between the terminal
systemsmay alsoform part of the communication capability. The coding of the information elements for
compatibility checkingand their relation to thepen systemterconnection (OSI) reference model is in
Recommendation®.931 and X.300Communication capability checking tite ISDN networkconnection
level is limited to those parametecsnveyable bythe X.25 packet layer protocols,e. higherlayer
compatibility parameters cannot be passed from the calling user to the called user.

The network provides the transmission capability and furnishes the associated Bearer capability information element to the
user in the Q.931 SETUmRessagevhen the incoming call is notified to the user. This elena@rtpossibly others are
used by the user equipment for compatibility checking purposes as described in Annex B/Q.931.

The network does not transnaitty communication capabilitfi.e. the associated Higlyer compatibility information
element) to the user since A5 packet layer protocol cannot transferch an information elemefrom the calling to
the called user.

4 Addressing and routing aspects
4.1 Terminal interface selection
This subclause describes the information necessary to select a compatible TA/TE1 for the compleXo25ahaaming

call since users may operate several packet terminals in their multiservice arrangements.
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For data transmission, it is envisaged thatSDN would identify, bymeans of an ISDNddress, a specific interface
within the subscribepremises. The transmission capability informatimay be used by the called TA/TE1 for
compatibility checking purposes.

In Case B, the non-automatic assignment of Way beusedfor terminal identification foPVC services. Other methods
are for further study.

In general, an ISDN numb@tentifies one omore ISDN user-network interfaces. However, somvorksmayallow an
ISDN user-network interface to be allocated mitren onelSDN number,thus allowing the identification of given
terminal within an ISDN user-network interface.

There are two ways dfelecting a specific terminal ithe ISDN. One is by means ¢fie ISDN supplementary services
Multiple Subscriber Number (MSN) or Direct Dialling In (DDI), the second is by means of ISDN sub-addressing.

4.1.1 Terminal interface selection by means of MSN/DDI
In a point to multipoint configuration, the ISDN supplementary service MSN may be used to select a specific terminal.

In a point to point configuration, the ISDN supplementary service DDI may be used to select a specific terminal.

4.1.2  Terminal interface selection by means of ISDN subaddressing
A subaddress from thé.25 address extensidacility may beused to identity aacific terminalwithin a user installation
in a point to point or point to multipoint configuration.

4.2 Access to PSPDN services (Case A)

4.2.1  Channel type selection

Packet calls using this bearer service (i.e. circuit-mode) will always use the B-channel.

4.2.2  Addressing scheme for outgoing calls

TheQ.931 SETUMmessagexhen used, contains the requigsta circuit-mode bearer service. The SETtd€ssage also
contains the ISDN address of the AU of the PSPDN.

The X.25call requestpacket contains the address of the called terminal.

4.3 Access to the ISDN virtual circuit service (Case B)

4.3.1  Channel type selection

Two procedures are available regarding manner in which channgpe selection (i.e. selecting between theadd D-
channel type) can be performed:

i) the terminal which is to accept the X.25 call will indicate the channel type to be used,;

i) the ISDN has information on which channgpe will indicate the channelype will be usedfor the X.25
incoming call. The various sorts of informatitimat thelISDN may use to determine the channel may
include, but are not limited to:

a) subscription time agreements;

b) occupancy level on established channels.
Channel negotiation procedures may be found in clause 6.

4.3.2  Addressing scheme for outgoing calls

The Q.931 SETURmessagewhen used, contains the requstthe ISDN virtual circuit service. The SETURessage
does not contain an address.

The X.25call requestpacket contains the address of the called terminal.
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5. Interworking with dedicated networks

5.1 Circuit-mode access to PSPDN services (Case A)

Interworking by port access (see RecommendaXi800) applies, i.e. thepacket mode terminal accessbe PSPDN
access port (AU) by use of a 64 kbit/s connection thrahghSDN. The AU belongs tthe PSPDN and ifunctionally
equal to the interworking function (IWF) (see Recommendation X.325).

5.2 Access to PSPDNSs via virtual circuit service (Case B)

Interworking by call control mapping (see RecommendaX¥d00) applies, i.e. interworking between th®DN and
PSPDN iseffectedusing X.75 or dunctionally equivalent internal network protocol. dame implementationshe PH
functions logically belonging to tH&DN mayreside physically in aode of the PSPDN. Treervice provided istill the
ISDN virtual circuit service. Inany case, interworking between network providers is effettenigh use of X.7%§See
also Recommendation X.325).

6 Packet communications at the S/T reference point

This clause describes the information flows necessary to support packet communication over
a) circuit mode (Case A) operation on B- channels; and

b) packet mode (Case B) operation on B- and D-channels of an ISDN access line.

The ISDN TA/TE1 presents an S/T-reference point towards the netwotkexrefbre the TA/TE1 implementation should
embodythe procedures described in Recommendati@®821 and Q.93for B- and D-channel connectiastablishment
and control.The protocoland the text of 6.1-6.5/Q.931 and Appenti®.931, and 6.1-6.5 and AppendiX to this
Recommendation are identical.

For demand access connections, 6.1 through 6.4 apply. Exarapsage flows for demand accesanections are shown
in Appendix IlI.

Two types of semi-permanent connections on Band D-channels are covered in this clause.

1) physical layer semi-permanently established betwkenterminal and the PH/AU, i.e. the 1.430/1.431
physical layer remains activated and the physical path through the ISDN is connected semi-permanently;

2) X.25 data link angbhysical layers semi-permanently established betwreterminal and thBH/AU (in
this type, both the user and the network shall keep the X.25 data link layer in the established state).

When a PVC is used, there must exist a type 2) semi-permanent connection.

In semi-permanent connection type 1), the procedures of 6.3 are followed for X.25 call establishment and release.

In semi-permanent connection type 2), only the procedures of 6.3.2 are followed for X.25 call establishment and release.

When semi-permanent connection type 2) is used for PVCS, none of the following procedures apply.

Semi-permanent connections are established via a provisioning process without Q.931 procedures.

6.1 Outgoing access

If the user selects amready established chanret the outgoing X.2%irtual call, then the procedures described in 6.3
apply. Ifthe selected channel is not established to the AU/PH, then the prockaluaesvating achannel described in
the following subclauses are to be used before establishing the virtual call using the procedures of 6.3.

Recommendation X.31  (03/93) 11



For outgoing X.25 data calls, the udiest must decide whether circuit-switched (Case A) or packet switsbrdces

(Case B) are desireicom the network. For outgoing circuit calls, the uk#lows the procedures @.1.1. Foroutgoing

packet calls, a user decides whether B-channel or D-channel is to Herusegacket call. Ithe user decides to use the
B-channel, then the procedures described in 6.1.2.1 are used. If the user decides to use the D-channel, then the procedures
described in 6.1.2.2 are used.

NOTE — Somenetworks may not suppoeverytype of access. In the case of B-channel access, the netiodtear a
request founsupportedervices by sendingRELEASE COMPLETEMessage with caugs, ‘bearer service not implementedn
the case of a request for D-channel ac¢aasSABME with SAPI =16), on anetwork port which does natupport theservice, no
response is required of the network.

6.1.1  Circuit-switched access to PSPDN services (Case A)

The B-channel connection between the user and the AU shall be controlled using the D-channel signalling procedures for
call establishment described5n1/Q.931.The specific B-channel to hesed as a switched connection is selected using
the channel negotiation procedures described in 5.1.2/Q.931 and summarized in Table 6-1.

On the basis of the call set-up information (e.g. called party number identifying AU, transit network selection, etc.) and/or
a subscription time agreemenhe network provides a connection tthe appropriate AU. The beareapability
information element included in the SETUP message shall be coded with:

— information transfer capability set to either
a) ‘“unrestricted digital information”; or
b) “restricted digital information”;

— transfer mode set to “circuit mode”;

— information rate set to “64 kbit/s”.

The usemayalso specifithelayer 1 (e.g. rate adoption), layefiz. LAPB), andayer 3(i.e. X.25)information transfer
protocols in the lowayer compatibility information element ithe SETUPmessage (se&nnex L/Q.931 entiledLow
layer information coding principles”).

TABLE 6-1/X.31

User requested channel and network response
Outgoing access to either an AU or PH

Channel indicated in the SETUP message user to network direction
Allowable network response
Information_ channel Preferred or Exclusive D-channel indicator network-user
selection (Note 3)
Bi Exclusive No Bi
Preferred No Bi, Bi
Any (Ignore) No Bi
(Absent) Bi

Bi  The indicated (idle) B-channel
Bi'’  Any (other) idle B-channel

NOTES
1 All other encodings are invalid.

2 All columns under the heading “Channel indicated inSBEFUP message” indicate possibiser codings of the Channgl
identification information element contained in the SETUP message sent by the user to the network requesting a connectign to an AU
or PH (see 4.5.13/Q.931). Tkhelumnunder“Allowable network response” refers to thlowable responses liie network to the
user.

3 D-channel indicator shall been coded “0” to indicate No and “1” to indicate Yes.

12 Recommendation X.31  (03/93)



6.1.2  Access to the ISDN virtual circuit service (Case B)

6.1.2.1 B-CHANNEL

Demand access B-channel connections are controlled tie@nB-channel signalling proceduris call establishment
described in 5.1/Q.931 using the messages defined in 3.2/Q.931 with the following exceptions:

a) The procedures for overlap sending specified in 5.1.3/Q.931 do not apply.
b) The procedures for call proceeding and overlap sending specified in 5.1.5.2/Q.931 do not apply.

c) The procedures for notification of interworkingtla¢ origination interface specified $1.6/Q.931 do not
apply.

d) The procedures for call confirmation indication specified in 5.1.7/Q.931 do not apply.
e) The procedures for call connected specified in 5.1.8/Q.931 apply as follows:

1) Upon accepting thaccess connectiothe network shall send a CONNE@Tessage acroske user-
network interface to the calling user and enter the Active state.

2) This messagidicates to the calling user that aocess connection tbe packethandler has been
established.

3) On receipt of the CONNECmessagethe calling user shall stapmer T310, (seeRecommendation
Q.931) may optionally send a CONNECARCKNOWLEDGE messageand shall enter thactive
state.

f)  The procedures for call rejection specified in 5.1.9/Q.931 apply as follows:

1) When unable t@acceptthe access connectiorthe network shall initiatdSDN accessconnection
clearing at the originating user-network interface as described in 5.3/Q.931.

g) The procedures for transit network selection specified in 5.1.10/Q.931 do not apply.

The specific B-channel to be used as a demand connection is selected using the channel selection procedures described in
5.1.2/Q.931 and summarized in Table 6-1.

For a demand connection to an ISDN PH, the Bearer capability information element included in thengsgatgshall
be coded with:

— information transfer capability set to “unrestricted digital information”.

— transfer mode set to “packet mode”.

— information transfer rate set to 00000.

— user information layer 2 protocol set to “Recommendation X.25, link layer”.

— user information layer 3 protocol set to “Recommendation X.25, packet layer”.

NOTE — Octets 5a, 5b, 5¢ and 5d shall not be included.

The demand access connection can then be used to support packet communications ack¥o28itigkdayerand X.25
packet layer procedures as specified in 6.3.

Some ISDNsnayrequire the Callingparty numbeand Callingparty sub-address information elements ténoctuded in
the SETUP message to select a specific user profile.

6.1.2.2 D-Channel

The D-channel provides a connectighich enables thé&SDN user terminal to access a PH functwithin the ISDN by
establishing a linklayer connection (SAPI =16) to that function which can then be used stpport packet
communications according %.25 layer 3 procedures as defined@r8. The X.25 packet layer usethe acknowledged
information transfer servicéi.e. I-frames) provided by LAPD (see Recommendati@n920). Consequently, Q.931
procedures are not required to provide D-channel access.

Recommendation X.31  (03/93) 13



A number of packet modeser equipment can operate simultaneooshrthe D-channel, each using a sepat&@eN
layer 2 data link identified by an appropriate address (see Recommer@#&ii) inframes transferred betweéme user
and PH.

6.2 Incoming access

6.2.1  Access from PSPDN services (Case A)

The ISDNsignals the establishment of the circuit-mode connection using the procedures deschil2¢@.B81. The
X.25 virtual calls are signalled between the user and the AU using the procedures described in 6.3.

6.2.1.1 General

The general procedures performed by the AU are those defined in Recommendation X.32.

6.2.1.2 Channel selection

If the ISDN physicalcircuit desired by the AU does not exist between the ternaindl the AU, the procedures for
physical channel establishment described in the following clauses apply.

The format of the SETUP message sent by the network to the user is in accordance with 3.1.16/Q.931.
The bearer capability information element included in SETUP message shall be coded with:
— information transfer capability set to either:
a) ‘“unrestricted digital information”; or
b) “restricted digital information”.
— transfer mode set to “circuit mode”.

— information rate set to “64 kbit/s”.

The channel identification information element shall be coded according to Table 6-2.

TABLE 6-2/X.31

Network requested channel and user response
Incoming access from an AU

Channel indicated in the SETUP message user to network direction
Allowable user response

Information channel

Preferred or Exclusive

D-channel indicator

user-network

selection (Note 3)
Bi Exclusive No Bi
Bi Preferred No Bi, Bi(Note 1)

Bi  Indicated (idle) B-channel
Bi'  Any other idle B-channel (not permitted for broadcast call offering)

NOTES

1 This encoding is not used for broadcast call offering.

2 All other encodings are invalid.

3 D-channel indicator shall been coded “0” to indicate No and “1” to indicate Yes.

The B-channel connection to the called user shall be established by the network using the signalling procedures described
in 5.2/Q.931. The call is offered by ending the SETUP message on a point-to-point data link or on the broadcast data link.

The user responds to the SETUP as specified in 5/Q.931.
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6.2.2 Access from the ISDN virtual circuit service (Case B)

To offer an incoming X.25 call, the network must perform the following steps in sequence:

1) Channel selection — thghysical channel / logical link to hesedfor the incoming call must be identified.
The networkmay use customer profile information, network resources, etc., to clieesghannel, or the
procedures in Step 2) below.

2) Physical channel / logical link establishment — if fiteysical B-channel othe logical link of the
D-channel havenot been determined by Step 1, the netwmiky use the procedures i8.2.2.3. The
network may then proceed with Step 3).

3) X.25virtual call establishment — the network establishes the virtual call using the procedures described
in 6.3.

In the configuratiorfor the ISDN virtual circuit service the choice of channéype to beusedfor the delivery of a new
incoming call packet shall be made by the network as described below.

1) A newincoming callpacketmay beindicated to théSDN customer by aall offering procedure between
the network and all user packet mode terminals (see 3.2.3.2 and 3.2.3.3).

2) An incoming virtual call directed to a terminal with an established connection to tineaf?leoffered
directly to the terminabver the establishedccess connection withotthe use of Q.931 cabffering
procedures (see 3.2.3.1 and 3.2.3.2).

6.2.2.1 B-Channel

When X.25 callsaare to be offered othe B-channels without channel negotiation, the procedures describeti@931
using the messages of 3.2/Q.931 apply with the following exceptions:

—  The procedures for overlap receiving specified in 5.2.4/Q.931 do not apply.

—  The procedures for receipt of CALL PROCEEDING and ALERTING specified in 5.2.5.2/Q.931 apply with
the following exception:

— The receipt of anPALERTING messageshall not cause the network to send a corresponding
ALERTING message to the calling user.

— The procedures for call failure specified in 5.2.5.3/Q.931 apply with the following note:

—  The network clears the incoming X.25 virtual call towards the calling X.25 DTE usirzgpphnepriate
cause from Table 6-5.

— The procedures for notification of interworkingtla¢ terminating interface specified 512.6/Q.931apply
with the following exceptions:

— The case of the call entering an ISDN environment during call establishment is not applicable.

— Inthe case of a call leaving the ISDN environment within the called yserisises, no notification is
sent to the calling party.

— The case of in-band information/patterns is not applicable.
—  The procedures for active indication specified in 5.2.8/Q.931 apply with the following exception:
—  The network shall not initiate procedures to send a CONNECT message towards the calling user.

—  The procedures for user notification specified in 5.9/Q.931 do not apply.

Where an established B-channel connection is to be used, the incomipgaatwill be delivered in accordance
with 6.3.

Where a new B-channel connection is to be established, the identity of the selected user will be associated with the
Connection Endpoint Suffix (CES) from which the first CONNECT message has been received.
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6.2.2.2 D-Channel

The D-channel provides a connectiwhich enables théSDN PH to access an ISDiser terminal owice versa. This
access is accomplished by establishingSiDN link layer connection (SAPI 46) to theterminal or network which can
then be used to support packet communications according to X.25 layer 3 procedures as defined in 6.3.

The layer 2 procedureshall be in accordance witRecommendatio®.921.The D-channel provides a semi-permanent
connection for packet accesince all D-channelayer 2 framescontaining a packemode SAPI(16) are routed
automatically between the user and the PH function.

When an incoming call isffered to packet modeser equipment at the user interface, the channel selection procedures
described in 6.2.2.3 shall be used.

A number of packet mode terminals can operate simultaneoushthe D-channel, each using a sepatayer 2 link
identified by an appropriate TE1 (see Recommendd@d®?1) inframes transferred betweedhe terminal and the
network.

6.2.2.3 Call offering

6.2.2.3.1Channel selection through call offering

The call offering procedure is performeding thelayer 3 messageand procedures db/Q.931.The call offering
procedure is integrated into the circuit-switched call control procedures, signalled on the D-channel, with the channel
selection being accomplished by means of the channel selection procedure if offered as a network option.

As described in 5/Q.931, the network selects the first user which responds to the call offering with a CONISEALE.

When the selected user has requested that the X.25 call be set up over a new B-channel, the network will indicate that the
channel is acceptable by returning a CONNEATKNOWLEDGE message tthe user. If multiple terminalbave
responded positively tithe SETUPmessagethe network shall clear each of the non-selected terminals with a RELEASE
message containing cause #2ri-selected user clearihg

When the selected user has requested that the X.25 call be @atruamestablished B-channel or the D-channel, the
network shall respond to the CONNE@iessagevith a RELEASEmessageontaining causé#7, “call awarded and
being delivered in an established charindhe network shall also return a RELEASEessageontaining caus¢26,
“non-selected user clearihgo any other positively responding terminals. The netweitk then deliver theX.25 call
over the selected channel.

NOTES

1 There is no time significance betweée delivery ofthe RELEASE messagandthe incoming callpacket, i.e. either
may occur first.

2 The network shall send the RELEASE message(s) and the user(s) shall respond with RELEASE COMPLETE.

If the channel indicated by the firgbsitively respondingiser is not availabléhe network will useQ.931 callclearing
procedures to clear the call with cause #hahnel unacceptablelf the channel indicated in the SETURessage is not
acceptable tahe user, the user will clear the call with a RELEASE COMPLETdSsageontaining causé34, “no
circuit/channel availableor cause #44,requested circuit/channel not available

On the basis of a network option or subscription agreement, the nehagr&toose theaccess channel or access channel
type (e.g., B or D) for a particular incoming packet call.

When the Channel indication information element indic&feannel indication = No channel, ExclusiandD-channel
indication =Yesthen the Bearer capability information element should be encoded as follows:

— Information transfer capability set tdnrestricted digital information
—  Transfer mode set tBacket mode

— Information rate set tquacket mode (00000)

— Layer 2 protocol set ttRecommendation Q.921

— Layer 3 protocol set t(Recommendation X.25, packet lgyer
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In all other cases, the Bearer capability information element should be encoded as follows:
— Information transfer capability set to either:
Unrestricted digital informatioror restricted digital information
—  Transfer mode set tBacket mode
— Information rate set tquacket mode (00000)
— Layer 2 protocol set teRecommendation X.25, link layer
— Layer 3 protocol set tlRecommendation X. 25, packet layer

There exists an understanding that if the terminal responds with D-channel indication Jetb(e€e3), theLayer 2
protocol to be used is Recommendation Q.921 (LAPD)

The channel selection proceddoe incoming calls isndependent of theype of channel selected at the calling end. In
this respect, any combination of channel type used at each end is possible, provided the user rates and available bandwidth
are compatible.

The channel selection principle to be used in the procedure is shown in Table 6-3.
NOTES

3 When the incoming SETUP message is sent on a broatitahk with a Channel identification informaticiement
which indicates an idle B-channahd'Preferred”, thecalled user is not permitted to respond wittdifferent idle B-channel in the
response. The option to respond with a different idle channel is restricted to point-to-point call offerings.

4 Networks providing packet mode call offering shall provide Q.931 signalling procedures for packet modeS/aié on
= 0. For an interim period, some networks, by subscription agreementffeaysAPI = 16broadcastall offering procedures for
providing Q.931 signalling. This option shall use all Q.931 procedures for packet mode calls with the following resiticidis will
be offered as “D-channel exclusiveihd will not provide channel negotiation procedures. Terminals implemer@igl = 16
procedures shall also implement SAPI = 0 procedures for portability.

6.2.2.3.2Information element mapping

Some networksnay choose tprovide a service of mapping someatirof the informatiorfrom the incoming calpacket
into the SETUPmessage (se8.2.3). Table 6-4 showghe mapping ofthe X.25 incoming calkelements t0Q.931
information elements. The incoming call packét still contain these fields when it is delivered. Se2.3for mapping
requirements.

TABLE 6-3/X.31

Network requested channel and user response
Incoming access for packet mode

Channel indicated in the SETUP message network to user direction Allowable network response
Information channel . D-channnel indicator user-network
selection Preferred or Exclusive (Note 2)
Bi Exclusive No Bi
Yes Bi, D
Bi Preferred No Bi, Bi', Bj,
Yes Bi, Bi, Bj, D
Preferred No Bj
No channel Yes Bj, D
Exclusive Yes D

D The D-channel
NOTES

Bi  Indicated (idle) B-channel
Bi'  Any other idle B-channel (not permitted in response to broadcast call offering)

Bj  An established B-channelnder the user'sontrol (A semi-permanent B-channel which is allocated touer may be
indicated if the user subscribes to the unconditional notification class)

1 All other encodings are invalid.
2 D-channel indicator shall be encoded “0” to indicate No and “1” to indicate Yes.
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TABLE 6-4/X.31

Mapping of X.25 information elements to corresponding Q.931 SETUP
message information elements in packet-mode incoming call

Information elements in X.25
incoming callpacket

Corresponding information element

in Q.931 SETUP message

Calling DTE address

Calling party number (Note 7)

Called DTE address

Called party number

User data (UD) User-user information (Note 2)
A-bit (Note 3) For further study

D-Bit Packet layer binary parameters
Modulus Packet layer binary parameters

Flow control parameter negotiation

Packet size
Packet layer window size

Throughput class negotiation

Information rate (Note 5)

octets.

1 Mapping is optional or required as indicated in 3.2.3.
2 The maximum length of the usgatawithin the user-user informatioglement is network dependeand iseither 32 or 128

3 The need and procedures for A-bit mapping is for further study.

Fast select Packet layer binary parameters
X.25 User Reverse charging Reverse charging information
facility Closed user group selection Closed user group
Closed user group with outgoing access selection Closed user group
Bilateral closed user group For further study
Transit delay selection and indication Transit delay selection and indication
Call redirection and deflection notification Redirecting number
Calling address extension Calling party sub-address
Called address extension Called party sub-address (Note 6)
DTE End-to-end transit delay End-to-end transit delay
facility Minimum throughput class Information rate (Note 4)
Expedited data negotiation Packet layer binary parameters
Priority For further study
Protection For further study
NOTES

4 This information is not always present even when the “Information rate” is provided in the Q.931 SETUP message.

5 When the “Throughput class negotiation” is not set in the ¥i@ming callpacket, this information shall be provided as
default throughput values applying to the virtual call.

6 The networkwill map bits 8and 7 ofthe first octet of thealledaddressextension facilityparametefield in X.25 incoming
call packet to“Type of subaddressfield in octet 3 of callecparty subaddresmformation element iQ.931 SETUP message
assuming that the X.2&coming callpacket is codethased on 1988ersion ofX.25. Therefore, thecalleduser shoulchoticethat
the received “Type of subaddress” may not be correct when the X.25 incoming call packet is coded based on 1984 versiorn

7 This mapping is mandatogndoctet 3a shall be set with Presentation indicator set to “presentation allawe&treening
indicator set to “network provided”.
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6.2.2.3.3Channel selection without call offering

Where the network and uskave agreed beforeharttie networkmay route an incoming call to the called usser an
established B-channel connection or D-channel link without the need for any signalling for channel selection.

6.3 X.25 Virtual call establishment and release

In all cases, once thghysical channel has been seleded, ifnecessary, connected to the PH or AU, the virtual call is
established according to-the procedures below. Some networks may sequirefthe terminal identification procedures
of Recommendation X.32 as well.

6.3.1  Link layer establishment and release

Link layer (LAPB on the B-channel or LAPD on the D-channel) establishment shall be initiated by:
— the calling terminal in the case of outgoing calls;
— the AU in the case of incoming calls in Case A; or

— the PH in the case of incoming calls in Case B.

Link layer release may be initiated by:
— the terminal;
— the AU in Case A; or

— the PHin Case B.

6.3.2  Packet layer virtual call setup and release

The packet layer procedures X225 will be usedfor layer 3 call set-umnd releaseThe packet layer proceduresl|
additionally be able to control and monitor the established or released state of the link layer.

In Case B, the PH may maintain a timer T320 (defined in Recommendation Q.931). T320, if implemented, is started:
a) upon clearance of the last virtual call; or

b) upon transmission of a CONNEQTWessage byhe network incase of an outgoing B-channel access
connection; or

c) upon transmission of a CONNECT ACKNOWLED@Gtessage bthe network incase of an incoming B-
channel access connection; or

d) upon: establishment of the link layer for D-channel access connections.

T320 is cancelled upon:
a) establishment of the first (next) virtual call; or
b) receipt of a Q.931 clearing message from the user; or

c) disconnection of the SAPI = 16 link on the D-channel.

Upon expiry ofT320, the PH will release the lintyerand, in thecase of B-channel access, initiate clearinghef B-
channel.

X.25 logical channels are associated with their underlying logical link. Specifically, in case of the use of the B-channel for

packet communication’ there is an association between the logical chandelseL APB logical link below them. Thus’
the same logical channel number may be used simultaneously on each different B-channel.
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6.4 Call clearing

6.4.1 B-Channel

The clearing of the switched connection shall be effected by using the D-channel signalling prdoedatieslearing as
specified in5.3/Q.931. Foraccess tPSPDNservices, no exceptions apply. Rbe ISDN virtual circuit service, the
messages of Section 3.2 of Recommendation Q.931 are used, and the following exceptions apply:

—  The terms defined i6.3.1/Q.931‘Terminology” apply by replacingcircuit-switchedISDN connection”
with “demand packet mode access connection”.

—  The exception condition (f) specified in 5.3.2/Q.931 does not apply.

—  The procedures for clearing with tones and announcements provided in 5.3.4.1/Q.931 do not apply.

The B-channeimay becleared at any time e user though, in general, it will be cleared following the clearing of the
last virtual calloverthat B-channel. In th&SDN virtual circuit service, In case B, the user clears the B-chanm@elcess
connection using a Q.931 clearingessagavhile X.25virtual calls still exist on the B-channel, the network shall clear
the X.25virtual call(s) with causeétl7, ‘remote procedure errdr and diagnostiét64, “call setup, call clearing, or
registration problerf

In case B, if a Q.931 RESTART message is receivatidoy?H during the X.25 dateansfer phase, th€.25 virtual calls
shall be treated as follows:

—  For switched virtual circuits, aX.25 clear indication packet shall be sevith cause#9, “out of ordef
and diagnostic #0,ib additional informatioh

—  For permanent virtual circuits, a025 reset packet shall be sent containing c&t®e€‘out of ordef and
diagnostic #0, lo additional informatioh

At the expiration otimer T320, the networkmay disconnect the X.25 linkayer and theaccess connection. B-channel
clearing is as described in 5.3/Q.931 with the exceptions above, with causer#t02efy on timer expity

6.4.2 D-Channel

D-channel access connections are cleared using the disconnect procedures as defined in 6.3.

6.4.3  Additional error handling information

When anlSDN accessonnection failure occurs, or the25 virtual call is cleared prematurelthe rules of 5.8/Q.931
shall apply. Inaddition, the following rulegor determiningthe appropriate cause to be used shpfily in order of
priority decreasing:

1) If a Q.931 clearingnessage or RESTART message is receivethbyPH during the X.25 dataansfer
phase, 6.4.1 applies.

2) In general, if an ISDN accessnnection is rejected by the destination user using Qngbkages, the
X.25 virtual call shall be cleared using a clear indicatiatketand causet0, “DTE originated with
diagnostic #0, “no additional informatioh Some networksmay mapsome Q.931 causes to the
corresponding X.25 causes according to Table 6-5.

3) If a condition exists thagpreventsthe Q.931 SETURnessage froneing delivered at the user-network
interface, the X.25 virtual call shall be cleared usimfgar indicationpacketand a cause shall be selected
appropriate to the condition. Table 6-5 shall serve as a guide to selecting an appropriate causé2be. the
mapping of the Q.931 cause describing the interface condition shall be used.

4) If the Q.931 SETURnessage isent across the user-network interface, but no resporseeiged prior to
the second expiry of timer T303 (defined in Recommendation Q.931), rule #3 applies.
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5) If the Q.931 SETURnessage isent across the user-network interfamed aresponse othethan a call
rejection is receivedfom auser which results in the clearing of #8DN acces€onnection at theiser-
network interface, th&.25 virtual call shall be cleared using a clear indicaf@ecket containing cause
#17, ‘remote procedure errbwith diagnostic #64, ¢all setup, call clearing, or registration problém

6) If an X.25clear request packes received fronthe originating user prior to theelivery of the X.25
incomingcall packet tahe called user (premature clearing), the PH shall seleiaa confirmationpacket
to the calling user and the access connection shall be treated as follows:

— Ifthe Q.931 SETUMnessage was associateith the Unconditional notification class sérvice (see
3.2.3), theaccess connectiomhen and if established, shall be clearBioe Q.931 clearingnessage
shall contain the appropriate cause as described in Table 6-6.

— If the Q.931 SETURmessage was associatedth the Conditional notification class afervice
(see3.2.3) and therexists at least one terminal which respopdsitively tothe Q.931 SETUP
message, then two options are allowed:

a) theaccess connection is cleared as describethotnconditional notification class eérvice;
or

b) theaccess connection is establistzetl timer T320 is started. Upoexpiry of timerT320, the

access connection is cleargdth cause#102, ‘frecovery on timer expityand diagnostic
indicating timer T320.

6.4.4  Cause mappings

6.4.4.1 Access to/from PSPDN services (Case A)

The AU may choose tdollow the procedures i6.4.4.2 whermapping between causes deliveredtloy ISDN or the
PSPDN.

6.4.4.2 Access to/from the ISDN virtual circuit service (Case B)

There are several cases where it is necessamapaauses betweeR.931 and X.25ISDN networksshall useTable 6-5
andTable 6-6 tomapthe causes betwedp931 and X.28nessages. The figures in Appendixdescribesome example
situations.

6.5 Access collision
When the networloffers a packet modeall at the interface simultaneously with the user requestjparket mode call,
the network shalyjive priority tothe completion ofthe incoming call. If the user determines that accepting the incoming

call would meetthe needs of its own outgoing call request, the msgrclear the call requesind acceptthe incoming
call.

7. Terminal adaptor functionalities

7.1 General

Terminal Adaptor (TA) functions are needed to suppbée access ofX.25 DTEs at the S/T reference poi(gee
Figure 7.1).

Main functionalities which are provided by the TA are the following:
— Rate adaption.
—  Mapping of signalling information and procedures between the S/T and the R reference point.
—  Synchronization.

— Maintenance.
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Mapping of Q.931 cause fields to X.25 cause field

TABLE 6-5/X.31

Item Q.931 cause Code Q.931 Diagnostic X.25 Cause Code X.25 Diagnostic Code
1 Unassigned or 1 Condition: Not obtainable 13 Invalid called 67
unallocated number unknown, address
transient,
permanent
2 No route to 3 Condition: Not obtainable 13 Invalid called 67
destination unknown, address
transient,
permanent
3 Channel 6 (None) Remote procedure| 17 Call setup, call 64
unacceptable error clearing or
registration
problem
4 Normal clearing 16 Condition: DTE originated 0 No additional 0
unknown, information
transient,
permanent
5 User busy 17 (None) Number busy 1 No logical channel 71
available
6 No user responding 18 (None) Remote procedure, 17 Call setup, call 64
error clearing or
registration
problem
7 User alerting, no 19 (None) Remote procedure, 17 Call setup, call 64
answer error clearing or
registration
problem
8 Call rejected 21 Condition: DTE originated 0 No additional 0
unknown, information
transient,
permanent + user
applied diagnostics
9 Number changed 22 New destination Not obtainable 13 Invalid called 67
address address
10 Destination out of 27 (None) Out of order 9 No additional 0
service information
11 Invalid number 28 (None) Local procedure 19 Invalid called 67
format (Incomplete error address
number)
12 Normal, 31 (None) DTE originated 0 No additional 0
unspecified information
13 No circuit/channel 34 (None) Number busy 1 No logical channel 71
available available
14 Network out of 38 (None) Out of order 9 No additional 0
order information
15 Temporary failure 41 Network identity Out of order 9 No additional 0
information
16 Switching 42 Network identity Network 5 No additional 0
equipment congestion information
congestion
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Mapping of Q.931 cause fields to X.25 cause field

TABLE 6-5/X.31(continued)

Item Q.931 cause Code Q.931 Diagnostic X.25 Cause Code X.25 Diagnostic Code
17 Requested circuit 44 (None) Number busy 1 No logical channel 71
or channel not available
available
18 Resources 47 (None) Network 5 No additional 0
unavailable congestion information
unspecified
19 Quiality of service 49 Condition: Network 5 No additional 0
unavailable unknown, congestion information
transient,
permanent
20 Bearer capability 57 Bearer capability | Incompatible 33 No additional 0
not authorized information destination information
element identifier
21 Bearer capability 58 Bearer capability | Remote procedure 17 Call setup, call 64
not presently information error clearing or
available element identifier registration
problem
22 Service or option 63 (None) Remote procedure 17 Call setup, call 64
not available, error clearing or
unspecified registration
problem
23 Bearer service not 65 Attribute numbers Incompatible 33 No additional 0
implemented destination information
24 Channel type not 66 Channel type Remote procedure 17 Call setup, call 64
implemented error clearing or
registration
problem
25 Service or option 79 (None) Remote procedure 17 Call setup, call 64
not implemented, error clearing or
unspecified registration
problem
26 Invalid call 81 (None) Remote procedure 17 Call setup, call 64
reference value error clearing or
registration
problem
27 Identified channel 82 Channel identity Remote procedure 17 Call setup, call 64
does not exist error clearing or
registration
problem
28 Incompatible 88 Incompatible Incompatible 33 No additional 0
destination parameter destination information
29 Invalid message 95 (None) Remote procedure 17 Call setup, call 64
error clearing or
registration
problem
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Mapping of Q.931 cause fields to X.25 cause field

TABLE 6-5/X.31(concluded)

Item Q.931 cause Code Q.931 Diagnostic X.25 Cause Code X.25 Diagnostic Code
30 Mandatory 96 Information Remote identifier(s 17 Call setup, call 64
information element procedure error clearing or
element is missing registration
problem
31 Message type non- 97 Message type Remote procedure 17 Call setup, call 64
existent or not error clearing or
implemented registration
problem
32 Message not 98 Message type Remote procedure 17 Call setup, call 64
compatible with error clearing or
call state or registration
message type non- problem
existent or not
implemented
33 Information 99 Information Remote procedure 17 Call setup, call 64
element non- element error clearing or
existent or not identifier(s) registration
implemented problem
34 Invalid information 100 Information Remote procedure 17 Call setup, call 64
element contents element error clearing or
identifier(s) registration
problem
35 Message not 101 Message type Remote procedure 17 Call setup, call 64
compatible with error clearing or
call state registration
problem
36 Recovery on timer 102 Timer number Remote procedure 17 Call setup, call 64
expiry error clearing or
registration
problem
37 Protocol error 111 (None) Remote procedure 17 Call setup, call 64
unspecified error clearing or
registration
problem
38 Interworking 127 (None) Remote procedure 17 Call setup, call 64
unspecified error clearing or
registration
problem
NOTES

1 When clearing occurs during the X.25 data transfer phase, the procedure described in 6.4.1 should be used.
2 When a Q.93RESTARTmessage iseceivedduring the X.25 data transfer phasejtched virtual circuits shall be clearg

with a clear indication packet containing cause @@ oforder, with diagnostic # Ono additional informationPermanentirtual
circuits shall have an X.2Besetpacket sent with the same cause and diagnostic.

2d
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TABLE 6-6/X.31

Mapping of X.25 cause to Q.931 cause for premature clearing of the incoming call

X.25 cause in clear indication packet Q.931 Error condition
Item X.25/X.96 cause Code Diagnostic Code Q.931 cause Code | Diagnostic
1 DTE originated 0 No additional 0 Normal clearing 16 (None)
information
IXX DTE specified XX
2 Network congestion 5 No additional 0 Switching equipment 42 (None)
information congestion
3 Out of order 9 No additional 0 Destination out of order 27 (None)
information
4 Remote procedure 17 (Any allowed) Protocol error 111 (None)
error unspecified
NOTE - Instead ofproviding the abovemapping of X.25 to Q.931, the PH, as a network option, owethe Q.931 Cause
information element to indicate “CCITT Codir@tandard” inoctet 3, “X.25" in octet3a, andcode octets 4and 5according to
Recommendation X.25, copying the cause from the ¥l&&r indicationpacket rather than mapping it to a Q.931 cause.

T0716930-93/D04

NOTE — A TA function supports only one X.25 DTE (simple or complex, e.g.
LAN-gateway) at reference point R but more than one TA function may simultaneously
share the D-channel, each TA using a separate LAPD link.

FIGURE 7-1/X.31

Reference configuration of TA

In the following, these main functionalities are described depending cectless type#B-channel and/or D-channel
access), highlighting the differences between the two services defined in this Recommendation (Case A and Case B).

The procedures at the S/T reference point are described in 6.

7.2 Physical interfaces

The physical interfaces supported at the R reference point are those defined in 1/X.25 and in Recommendation X.32.
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7.3 Access through the B-channel

7.3.1 General

This part defines the functionalities to be supported by the TA wheacttess through the-B-channelused. Both
service Cases A and B are covered and differences, if any, are shown in the appropriate subclauses.

7.3.2  Rate adaption

Rate adaption can be performed in two ways:
1) Packet mode of operation (Case B) by using HDLC interframe flag stuffing

In this case, packet mode terminals operating at data signalling rates lower Kizits @4the Rreference
point can no longer be distinguished by the netviam packet modéerminals operating at a data rate of
64 kbit/s at the R interface.

Therefore, the D-channel signalling procedures will indicate the data signalling rate of 64 kbit/s rather than
the user data signalling rate at the R reference point. In addition, a throughput class may be indicated in the
D-channel incoming call signalling procedures.

It should be noted that thgackethandling in thelSDN will be optimizedfor DTEs generatinddDLC
structured traffic at 64 kbit/s. In such an ISDN, flag stuffing is the preferred method for rate adaption.

In order to avoid unnecessary retransmissiotherB-channel, the TA implementation coblave a buffer
capacitywhich is related to thiayer 2window sizeand maximum framdength ormayhave flow control
at layer 2.

2) Circuit mode of operation (Case A) by using the method indicated in Recommendation X.30/1.461

In this case, the D-channel signalling procedures shall indicate the data signalling rate being used by the
DTE connected to the R reference point (this will be lower than 64 kbit/s).

As an alternative to HDLC interframe flag stuffing, this bit rate adaption method may be supp@tectcby
network in case of access to PSPDN services.

NOTE - The use of V-Series specification is for further study.

7.3.3  Signalling

This part defines the functionalities to be supported by the TA to establish, maimtagiease a B-channel connection
to the PH/AU. These functionalities require a different degree of capabilities by the TA on the basis of the different
implementation of X.25 procedures in the DTE. Two cases can be identified, namely:

Case 1: TA acts only on level [;

Case 2: TA acts also on level 2 and/or 3.
The first case applies to X.25 DTEs which can disconnect at the physical level, when no VCs are in progress.
For X.25DTEs which are not able to disconnect at phgsical level or evenequire amactivelink, the consequence of
the firstcasemay bethe automatic allocation of the B-chanimemediately after poweon. Toavoidthis situation with a
permanent allocated B-channel, an alternative configuration is presented in Appendix .

This subclause refers to signalling mapping of the first case.

7.3.3.1 Outgoing call

To provide a physical connection by means of a B-channel to the PH or PSPDN AU, the TA shall provide

— a method to indicate that the TA should start the B-channel establishment procedure atefereside
point. The options available are described in 7.3.3.1.1.

— amethod to transfer ISD&tdress information to the TA which is needed by the B-channel establishment
procedure. The options available are described in 7.3.3.1.2.
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7.3.3.1.1Conditions for initiating B-channel establishment

Two situations can be identified to categorize the conditions whiaghcause the TA tattempt to establish a B-channel
connection.

a) (semi-)permanent B-channel

In this case, the B-channel is always available. No TA functionality is required to initiate the establishment
of the B-channel connection.

b) B-channel establishment is initiated by actions at the R reference point (DTE/TA interface)

Two conditions are possible (see Table 7-1).

TABLE 7-1/X.31

DTE/TA Layer 1 specifications and procedures to initiate B-channel establishment

Condition DTE/TA layer 1 specification Events at the R Procedures
reference point according to:
X.21 leased circuit DTE sets C = ON 1.1/X.25
X.25 X.21bis DTE sets 1.2/X.25
circuit 108 = ON
V-Series interfaces DTE sets 1.3/X.25
circuit 108 = ON
Hot-line access X.21 circuit-switched DTE signals direct call4.4/X.21
X.21bisdirect call DTE signals direct call | 2.3.1/X.21bis
V.25 bis direct call DTE uses direct call 5/V.25bis
mode (Note 1)
X.21 addressed call DTE enters call control 4/X.21
phase
Full circuit switched Rec. X.21bis, addressed call DTE performs 2.3.21ii)/X.21bis
access automatic address call
V.25 bis addressed call DTE uses address call 4/V.25bis
mode

NOTE — The difference betweethe V. 25bis direct call modeand operation according tb.3 (V-Series interfaces) is
for further study.

b1l) Hot-line access at the R reference point

In case of hot-line accesstae R reference point the detection of the following appropriate interface
conditions shall cause the TA to establish the B-channel with the PH/PSPDN.

i) For X.25level 1 interfaces — a transitidrom OFF to ON on the control lead (tase ofX.21
leased circuit procedures) or circuit 108 (in case of Xi&br V-Series interface procedures).

ii) For X.21 interfaces — direct call signal (C = ON).

The DTE will wait for | = ON before starting transmission.
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b2)

iii) For the X.21bisinterface — direct call signal (108 = ON).
The DTE will wait for 107 = ON before starting transmission
iv) For the V.25bis interface — direct call signal (108 = ON).
The DTE will wait for 107 = ON before starting transmission.
Full circuit-switched selection access

Full circuit-switched selectioprocedure (X.21X.21 bis or V.25 bis) may beused at thdTE/TA
interface to request the establishment of the B-channel connection to a PSPDN or PH. The TA will
establish the B-channel connection to a PSPDN or PH. The TA will establish the B-channel in
accordance with the procedures described in 6.13B& address providethay beused to identify

the PSPDN porand full X.25procedures must be used following the establishment of the B-channel
connection to identify the called packet mode DTE.

In case of full circuit-switched selectiothe following operatingnodes of Recommendatiofi21,
X.21 bisand V.25bis at the DTE/TA interface shall caude TA to establish the B-channel with the
PH/PSPDN.

i)  For X.21 circuit-switched interfaces — X.21 call control phase.
i) For X.21bis circuit-switched interfaces — use of X.Bik automatic address call facility.

iii) For V.25 bis circuit-switched interfaces — V.25s addressed call mode.

NOTE - Theuser may cause the TA to attempt to establish a B-chaonekction by manual actions (e.g. by pressing a
button) at the human/machine interface of the TA. Subsequently the TA may emulate the incoming call towards the DTE.

7.3.3.1.20ptions for transferring the ISDN address of the PSPDN port to the TA

Four options exist to handle address information of the PSPDN port at the TA:

a)

b)

c)

d)

(Semi-) permanent B-channel at the S/T reference point

In this case the TA has no need for address information, i.e. no functionality is required in the TA to obtain
an address.

The address is conveyed across the R reference point

In this case the circuit-switched procedures described in 7.3.3.1.1 b2) are required.

The address is conveyed across the human/machine interface of the TA

Manual procedures are used (e.gnians of a keypad) #te human/machine interface of the TA. The
addressnay beinput eachtime the B-channel is requested. Alternatively the addmesg bestored at the
TA (e.g. in the case of hot line operation at the R reference point).

The address is downloaded by the network via the S/T reference point

The need for this option is for further study.

NOTE — The addressformation may be for example a full ISDAidress andbbreviated ISDNddresswhich is used by
hot-line access proceduresthé S/T referencegoint, or an abbreviated addreshich is interpreted by the TAnd expanded to an
(abbreviated) ISDN address using pre-recorded information in the TA.

7.3.3.1.3Mapping of procedures

The list of supported combinations and the appropriate procedures are given in Table 7.2/X.31.

The list of supported combinations and the appropriate procedures are given in Table 7-2.

7.3.3.1.4Mapping of the Q.931 messages

The procedures between the @Ad the networlare thesame aslescribed in 6. The choice of the requestedicewill
be made by the appropriate coding of the bearer capability.

In Case A thdSDN address of the PSPDN port will be introduced as the destination @ @34 messagevhile in Case
B no address is contained.

28 Recommendation X.31  (03/93)



TABLE 7-2/X.31

TA functionality to control B-channel establishment

TA functions

Conditions for initiation
of B-channel
establishment

Transfer of address
information to the TA
(7.3.3.1.2)

Description of procedures

(7.3.3.1.1)

1 Condition a Option a (Semi-) permanent B-channel. No signalling functions for layer

1 are needed in the TA.

2 Condition bl i Option ¢ The DTE sets C = ON or circuit 108 = ON. When C (or cir¢uit

108) becomes ON, and the manual selection has been made at
the TA, the TA then initiates, using the D-channel procedures,
the establishment of an ISDN B-channel to provide a connection
to the PSPDN. When the B-channel is completely established at
the S/T reference point, the TA sets | = ON (or circuit 107 =

ON).

When the manual selection has been made at the TA, the TA
may emulate an incoming call at the R reference point, If the
DTE accepts this incoming call, the TA places the R reference
point in the DCE waiting state at layer 1 and then initiates,
using the D-channel procedures, the establishment of an ISDN
B-channel to provide a connection to the PSPDN. When the
B-channel is completely established at the S/T reference po
the TA signals ready for data at the R reference point.

3 Any of conditions b1 ii,
iii, iv

Option ¢

See Note in Section
733.1.1

Option ¢

4 Any of condition b2 Option b When the DTE has requested the layer 1 connection and
provided ISDN address information to the TA, the TA initiates,
using the D-channel procedures, the establishment of an ISDN
B-channel. When the B-channel is completely established at the
S/T reference point the TA signals ready for data, using the

appropriate procedure at the R reference point.

5 Condition bl Option a In this case hot-line access is applied at the R reference point as
well as the S/T reference point. No ISDN address information is

therefore required by the TA. When the DTE presents the call
request, the TA attempts to establish a B-channel. When the B-
channel is completely set-up, the TA signals ready for data at

the R reference point.

7.3.3.1.5X.25 procedures

In the data transfer phase, the T#ay betransparent to layer and layer 3 ofthe X.25 procedureddowever, some
realizations of X.28erminalsmay require full or partial termination déayer 2within the TA toaccommodate existing
LAPB establishment procedures (see Appendices | and V).

7.3.3.2 Incoming call

7.3.3.2.1Q.931 call offering

The X.25 incmming call, in both Cases And B, isfirst offeredusing Q.931procedures fosetting up the B-channel
connection.
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7.3.3.2.2Actions at the R reference point

The TA shall not accept ax.25 incoming callfrom the network unless the R reference point is in one of the following
states:

— the ready state for an R reference point conforming to X.21 circuit-switched procedures;
— the ready or send data state for an R reference point conforming to X.21 leased circuit procedures;

—  circuits 125 and 108 ON with 107 OFF for an R reference point conforming tdo}.gdocedures.

If the R reference point i\, or can beplacedin, theappropriate state definedbovethe TA shall respond to the SETUP
messagéwhen compatibility checking has been successfulydtyrning a CONNECTmessage in accordaneéth the
procedures of 6 and shall then wait for either a CONNECT ACKNOWLEDGE or RELEASE sigmaéisgage from the
network. (The TA may also reject the SETUP message by responding with a RELEASE COMPLETE message.)

NOTE — Recommendatio.931 does nobblige the TA to return arALERTING message prior to the return of a
CONNECT.

If the R reference point is nahd can not be placed in thppropriate states definatbove then the TA shall respond to
the SETUP message in accordance with the negative response to the incoming call procedures defined in 6.

The receipt of a CONNECT ACKNOWLEDGE message causes the TA to initiate the appropriate procedures described in
Recommendation X.30/1.461 leading to the placing of the R reference point into the appropriate ctonddata
transfer, and to begin transmission of information in the B-channel.

NOTE — The DTE/TA interface shall not be placed inda&a transfer stateefore the B-channel mompletelyset up at the
S/T reference point (see 7.3.4).

7.3.3.2.3X.25 Procedures

In the data transfer phase, the T#ay betransparent to layer and layer 3 ofthe X.25 procedureddowever, some
realizations of X.28erminalsmay require full or partial termination déyer 2within the TA toaccommodate existing
LAPB establishment procedures (see Appendix 1).

7.3.3.3 Call clearing

To initiate the clearing of the B-channel itriscessary to detethe clearing of the last virtual call on the B-channel.
Three parties can detect the clearing of the B-channel:

1) the DTE; initiating clearing via the R reference point,
2) the network (PH or AU); initiating clearing via the S/T reference point,

3) the user; initiating clearing manually via the human/machine interface.

Before clearing of the B-channel is initiated, the layer 2 connection between the network and the DTE should be cleared.

7.3.3.3.1Initiation of call clearing by the DTE

The conditions of the R reference point which cause the TA to attempt to disconnect the B-channel connection are:
— for X.21 circuit-switched interface — DTE clear request signal;
— for X.21 leased circuit interface — a transition from ON to OFF on the control lead;
— for X.21bisinterface — DTE clear request signal (circuit 108 from ON to OFF).

When one of this conditions occurs, the TA will disconnect the internal rate adapting connection betwegmdtlieeR

SIT reference point (see 7.3.2) and will try to disconnect the B-channel applying the procedures of 6.4.
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7.3.3.3.2Initiation of call clearing by the network

For the clearing of the B-channel the network applies the procedurést.ofhe receipt of a DISCONNECT or
RELEASE messagsshall cause the TA to disconnect the internal rate adapting connection betweeartdete S/T
reference point and to take on the R reference point interface the appropriate action as described below:

—  for X.21 circuit-switched interface — signal a DCE clear indication;
— for X.21 leased circuit interface — signal a DCE ready condition;
— for X.21bisinterface — set circuit 107 OFF.

For further details, see Recommendation X.30.

NOTE — RELEASEmMay be a common response t€@NNECT message ithe case where motbanone packemode
terminal is present at the customer premised the X.25incoming callhas been globally offeredising the point to multipoint
procedures of Recommendation Q.921.

7.3.3.3.3Initiation of call clearing by the user
After the manual notification of the clearing of the last virtual call by the user, the TA disconnects the internal connection
between the Rind S/Treference poinand applies the procedures 6f4 for the clearing of the B-channel. On the R
reference point it takes the appropriate action as described below:

— for X.21 circuit-switched interface — signal a DCE clear indication,

— for X.21 leased circuit interface — signal a DCE ready condition,

— for X.21bis interface — set circuit 107 OFF.

See Recommendation X.30 for further details.

7.3.4  Synchronization
The TA should effect synchronization between the D (Q.931 activities) and the B (X.25 activities) channel activities.
Synchronization between TAnd PH/AU is provided by the exchange of synchronization pattern. Continflemis

transmission shall be used whitag stuffing rate adaption issed. For clas80, synchronization will be between the
DTE and the PH/AU. The X.30 scheme will be used when the X.30 rate adaption is used.

7.4 Access through the D-channel

7.4.1 General

This part defines the functionalities to be supported by a TA wheess through a D-channelised. This appliesnly
to Case B (access to the ISDN virtual circuit service).

7.4.2  LAPB-LAPD mapping

The rate adaption is inherent to the contentimthanism for accessitige D-channel. In particular, the contigudiasg
transmission perceived at the R reference point shall not be repeated at the S/T reference point.

7.4.2.1 Mapping by full link layer termination

Figure 7.2 shows themapping architecture betweehe LAPB link at the Rand theLAPD logical link at the S/T
reference point, based on full termination of both leafer protocols irthe TA. This figure is intended to describe the
functionality to be provided by the TA. However, this figure should not constrain any specific implementation.

The supervisory and unnumbered frames of the LAPB and LAPD procedures have local sigr{ifeamcly relevant for
that link) and need therefore not to be mapped to the otheHowever, it is possibléhat the receipt of aupervisory or
unnumberedrame should result in the transmission of sucfraane onthe other link;for instance a SABM(Ejrame
(when both links are in the disconnected state) or arfir&Remayresult in the transmission of an equivaléame on
the other link.
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TA

Relay
LAPB LAPD
X.21/X.21 bis 1.430
| f 1 |
! ! T0716940-93/D05
R SIT

FIGURE 7-2/X.31
Architecture of the mapping function

The information transfer frames have to be mappebdoth links are in the transfer phase. The followmgpping
functions for these frames can be distinguished:

— address field mapping;
—  control field mapping;

—  frame check sequence recalculation.
These functions are discussed in following subclauses.
7.4.2.1.1Information frame address field mapping
The LAPB address length is 1 octet.

The LAPD address length is 2 octets.

X.25 DTE X.31TA
11
p < SAP| =16, TElI =x
LAPB LAPB LAPD CR=1
address address address SAP| =16, TEI = x
'1 CR=0

T0716950-93/D06
x is the TEIl value assigned to the TA for information frames

FIGURE 7-3/X.31
Mapping of LAPB/LAPD addresses by a TA for information frames

7.4.2.1.2Information frame control field mapping

LAPB sequence numbering of the I-frames is in general modulo 8, though it might be modulo 128.
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LAPD sequence numbering of the I-frame is modulo 128.
The sequence numbers N(S) and N(R) on the LAPB and LAPD link are independent.

In the case where the LAPD window size of 8 would fulfill (e.g. the throughput requirementsiptimeum number of |-
frames to be buffered in the TA's relay function is 7 in each direction.

The use of the P/F-bit in the LAPB link is independent of the use of that bit in the LAPD link.

7.4.2.1.3Information frame check sequence recalculation

The FCS values on the LAPB and LAPD link are independent. For every frame the FCS values need to be calculated.

7.4.2.2 Mapping by minimum link layer termination

In addition a simpler implementation of the LAPB-LAPD mapping is possible, without implementifigwtheontrol and
error recovery procedures. Such a TA has as a minimum to implement the following mapping functions:

—  frame type recognition;

— mapping of address field;

— mapping of control field;

— administration of the state variables (V(S) and V(R) at both interfaces);

— FCS handling.

7.4.3  Signalling

This part defines the functionalities to be supported by the TA to establish, maimtaiglease a LAPD, SAPI = 16,
logical link to the PH at the S/T reference paintd aLAPB link at the R reference point. These functionalities require a
different degree of capabilities by the TA on the bases of the different implementation of X.25 procedures in the DTE.

Several types may be identified, depending on the criteria at the R reference point to initiate call set-up:

Type 1 Establishment of a logical, SAPI16, link in theD-channel upon recognition of the receipt of a
SABM frame.

Type 2 Idem on receipt of an | frame.
Type 3 Idem on receipt of a call request packet.

NOTE - Alternatively, initiation of call set-up can be carried out by manual means, for example a push button on the TA.

Type 1 isthe most simple one because a minimum mapping between &XRRAPD is implemented inthe TA. This
type will be described in 7.4.3.1, 7.4.3.2 and 7.4ByBes 2and 3 which require fulbrotocol termination ithe TA (as
described in7.4.2) are more complicatedyut application of thesgypesmay benecessary depending ¢he needs of
existing X.25 DTES. More details about these types are given in Appendix IV.

7.4.3.1 X.25 outgoing call
At the outgoing call the TA initiates the establishment of a D-channel SAPI = 16 link to the PH.

The several conditionsvhich force the TA to initiate this establishment are described in Seclidn3.1.1. The
establishment of the D-channel link is in accordance with the procedures described in Section 6.1.2.2.

7.4.3.1.1Conditions for the establishment of a logical link between the DTE and the PH

Two situations can be identified to categorize the condition wimacause the TA tattempt to establish a D-channel
SAPI = 16 logical link:

a) (semi-)permanent logical link

In this case the logical link is always available. No TA functionality is required to initiate the establishment
of a logical link.
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b) Logical link establishment is initiated by actions at the R reference point
The layer 1 interface ahe R reference point is in accordameigh X.21, X.2bis or V.25is interface

procedures. Subsequently the DTE will establish the LAPB link at the R referenceapdiras a
consequence the TA will activate the LAPD link (SAPI = 16) at the S/T reference point.

NOTE - In principle it is also possible to activétte link betweerDTE and PH as aesult of a manual action at
the TA.

7.4.3.1.2Mapping of link procedures

The mapping betweetine LAPD logical link at the S reference poantd theLAPB link at the R reference point is
described in 7.4.2.

7.4.3.1.3X.25 Procedures

After the establishment of a LAPD link at the S/T, and a LAPB link at the R reference point and the concatenation of both
links via a mappindunction in the TAX.25 layer 3 procedures are possible betwdenDTEand thePH. The TA is
transparent for these X.25 layer 3 procedures.

7.4.3.2 X.25 Incoming call

7.4.3.2.1Q.931 call offering

When notification of the incoming cadipplies (se&.2.3), the incoming call iirst offeredusing the Q.93brocedures
described in 6.2.2.3.1 (channel selection through call offering).

The TA accepts the incoming call when the R reference point is or can be placed in one of the following states:
— the ready or send data state for an R reference point conforming to X.21 procedures

— circuits 125 and 108 ON with 107 OHer an R reference point conforming ¥21 bis and V.25bis
procedures

The TA shall respond to the offered call according to the same 6.2.2.3.1.

After a successful incoming call procedure, the PH will initiate the establishment of a SAPD= 16link between the
PH and theTA. The LAPB link at the R reference point will be established at#nee time vidhe mapping procedures
described in 7.4.2.

The link layers are now in the data transfer phase.

7.4.3.2.2X.25 Procedures

After the establishment of a LAPD link at the S/T, and a LAPB link at the R reference point and the concatenation of both
links via a mappindunction in the TAX.25 layer 3 procedures are possible betwdenDTEand thePH. The TA is
transparent for these X.25 layer 3 procedures.

7.4.3.3 Data link disconnection

To initiate the clearing of a D-chann8API = 16 logicalink, it is necessary to detettte clearing of the last virtual call
on that logical link. This detection can be done by two parties:

a) the PH; clearing of the LAPD logical link is initiated by the PH;

b) the DTE; clearing is initiated by actions at the R reference point.

NOTE - In principle it is possible to clear the link between the DTE and the PH as a result of a manual action at the TA.
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7.4.3.3.1Disconnection by the PH

The PH clears the LAPD logical link in accordance with the procedures describetl2nVia the mapping function
between that LAPD logical linknd aLAPB link at the R reference point, clearing of fleemat will be followed by
clearing of the latterapplying the appropriate LAPD procedures. After having cleared the LAPB link, the TA will
disconnect the layer 1 interface at the R reference point by either

— atransition from ON to OFF on the I-lead in case of an X.21 interface; the DTE has to respond with an ON
to OFF transition of the C-lead. After that the interface is in the ready state; or

— atransitionfrom ON toOFF on circuitl07 incase of arX.21bis or a V.2%is interface; the DTE has to
respond with an ON to OFF transition on circuit 108.

7.4.3.3.2Disconnection by the DTE

The DTE indicates to the TA that the logical link between theafé the PH has to be cleared, by clearingltheB
link at the R reference point between the DTE and the TA.

The appropriate LAPB procedures apply. Followihgt DTE action, the TA will clear the logical link between the TA
and the PH.

After having completed the disconnection procedure of the LAPB link, the DTE disconndetgethg interface ahe R
reference point, by either

— atransition from ON to OFF on the C-lead in case of an Kit2tface; the TA has to respond with an ON
to OFF transition on the I-lead. After that the interface is in the ready state; or

— Atransition from ON to OFF on circuit 108 in case of an »a&lor a V.25bis is interface; the TA has to
respond with an ON to OFF transition on circuit 107.

7.5 Access through the B and D channels

7.5.1 General
This part defines the functionalities to be supported by a TA when the access through both B and D channels is used. This

applies only to Case B (accessth@ ISDN virtual circuit service). Everything described 3 and 7.4 isapplicable
except the following.

7.5.2  X.25 outgoing call

When the PH can be accessed by either the B- or the D-channel, the call request will be sent bynasa@@tith the
request for packet mode bearer service.

The TAmayexpress its preferender a particulachannel based on preselected criteria suckh 25 packet size (limited
in the D-channel to 256 bytes) or throughput requirements (limited to less than 16 kbit/s on the basic access D-channel).

If the “any channel” option is retained by the TA, the network will allocate a B-channel ba¥e#Soquality ofservice
requirements that are assungegriori.

7.5.3  X.25Incoming call

The network will issue a call offering on the D-channel according to Q.931 procetleeEA will proceed according to
the procedures defined in previous subclauses (see 6.2).

7.6 Test loops

The maintenance concept of the TA shalmply with the maintenance concept of tHe@DN subscriber access and
subscriber installation as defined in the 1.600-Series RecommendaticimRecommendation 1.430 d8DN subscriber
accessand installation maintenancehe test loops are specified in these RecommendationdSDiN: communication
architecture enables communication of maintenance informatienbeareconnections between network service access
points (NSAPs). Accordingly, bearer service may be used on either a B- or the D-channel to transport the protocol.
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Maintenance entities can choose to communicate information gestdrmance management, fault management,
configuration anchaming management, eteising an applicatiotayer protocolusing OSI. The specification of these
management capabilities to be supported by TAs is for further study.

7.6.1  Testloops for TA with access through the B-channel

7.6.1.1 Test loop reference configuration

Figure 7-4 shows the location of test loops within the TA.

TA X.31

= | g

>| v

O

T0716960-93/D07

FIGURE 7-4/X.31
Location of test loops

Loop 4 shall be allocated close to the S/T reference point. Loop 5 shall be allocated close to the R referdrmeppint.
shall be allocated close to the S/T reference point.

7.6.1.2 Test loop characteristics

The test loop characteristics for loops 4, 5, and A are defined in the 1.430- and 1.600-Series Recommendations.

7.6.1.3 Loop activation/deactivation mechanism
i) Testloop4

Test loop 4 being controllefilom the network side of the TA is activated eithvé& an applicatiodayer
protocol on the B/D-channel ofa a layer | message dhe selected B-channafter a connection has been
establishedrom the control point to the TA. Selection of the B-channel to be looped is part of tiseteall
up procedure. During thop is establishedhe following states shalpply atthe R reference point
(X.21):

towards the terminal R =0/I . . ., | = OFF (DCE controlled not ready) shall apply.

ii) Testloop5
For activation/deactivation of test loopthge definitions as under ( igpply. Since the tedbop 5 is close
to the R reference point, th@op point is locatedvithin the Rreference point circuitrand not within the
B-channel. Due to the rate adaptimechanisnthe composition otthe bit-stream received ahe TA and
the composition ofthe bit-streamwhich is loopedand senback onthe B-channetmay not be identical at
the S/T reference point. At tHeop point, howeverthe incoming and outgoinflooped) bit-streams are
identical.

During the loop is established the states as defined in X.21 for loop 2b shall apply.

NOTE — The possible use of logical loops by means of layer 2 frames in the B-channel requires further study.
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iii) Testloop A
Test loop A is activated/deactivated by procedures defined in Recommendations X.2bisX.21

NOTES

1  Since selection of a specific B-channel is not part of X.21k{21he subject of B-channel selection
within test loop A, if required, remains for further study.

2 Loop activation/deactivation for the above 3 test loops can optionally as an alternative also be provided
manually.

7.6.1.4 Coding of activation/deactivation control messages
— loop 4 control via B- or D-channel application layer protocol: for further study;
— loop 4 control via B-channel layer 1 message: for further study;
— loop 5 control via B- or D-channel application layer protocol: for further study;
— loop 5 control via B-channel layer 1 message: as in X.21M21

— loop A:asin X. 21/ X. 2bis.

7.6.2  Testloops for TA with access through the D-channel

For further study.

Appendix |
(to Recommendation X.31)

B-channel TA acting on layer 2 and 3 of X.25

(This appendix does not form an integral part of this Recommendation)

1.1 Introduction

On the basis of the different implementationXo25 procedures in existing DTES, two types of terminal adagi@nsbe
identified, namely:

a) TA acts only on layer 1 at the R reference point;

b) TA acts also on layer 2 and 3 at the R reference point.

The first type applies to DTEshich can disconnect at thghysical layer othe R reference point, when no virtual calls
are in progress.

For X.25DTEs which are not able to disconnect atghgsical layerthe consequence in theasemay bethe automatic
allocation of the B-channeinmediately after power-on. Therefore, grch DTEs, alternatively the secotype may be
used.

The first case is described in 7.3.
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This appendix presensme possible approaches foe functionalities and signallingnapping procedures of terminal
adaptors of the second type.

These examples should not constrain implementations and do not cover all possible types.

This type of TA covers Case A access, as well as Case B access.

1.2 Call control

In this appendix the following call phases are specified:
— idle phase;
— establishment phase;
— data transfer phase;

— clearing phase.

When no virtual calls are iprogress, the TA is in the idle phasgcoming or outgoing calls fordeansition to the data
transfer phaseyia the establishment phase. After the clearing of the last virtual call the TA triaositthe data transfer
phase via the clearing phase to the idle phase.

1.2.1 Idle phase
In the idle phase no virtual calls are in progress.

In the idle phase, the TA acts on the R reference poirX.258 DCE (Figurel.1). All X.25 layer 2 procedures are
supported X.25 layer 3 restart procedures must be supported, whereas other X.25 layer 3 procedures may be supported.

When the beginning of a call establishment phase is indicated by manual methods (e.g. a push button on the TA), there is
in principle no need for the TA to support layer 3 procedures (see Figure 1.2).

DTE TA ET DCE
Part of
X.25 PLP %25 PLP X.25 PLP
LAPB < > LAPB LAPB LAPB
X.21/ X.21/ X.21/
X.21 bis X 21 bis 1.430 D X.21 bis
T | T | T0716970-93/D08
[ |
R SIT

NOTE — Events and protocols on the D-channel are not shown in this figure.

FIGURE [.1/X.31
Example configuration in the idle phase, non-transparent at layer 3

[.2.1.1 Transferring to the establishment phase

The TA transits to the establishment phase at:

—  The detection of an outgoing call
Outgoing calls are detected by the receptionadlbrequestpacket.

—  The detection of an incoming call

The TA applies the procedures of 6.2 for the detection and acceptance of incoming calls.
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DTE TA ET DCE
X.25 PLP X.25 PLP
LAPB > LAPB LAPB LAPB
X.21/ X.21/ X.21/
X.21 bis X 21 bis 1.430 D X.21 bis
T | T I T0716980-93/D09
[ |
R SIT

NOTE — Events and protocols on the D-channel are not shown in this figure.

FIGURE 1.2/X.31
Example configuration in the idle phase, transparent at layer 3

1.2.2 Establishment phase

For call establishment, the following functions are defined;
1) establishment of a B-channel;
2) establishment of a layer 2 connection between the TA and the X.25 DCE in the PH/AU;
3) synchronization of the layers 3 of the X.25 DTE and the X.25 DCE in the PH/AU;

4) changing to the data transfer phase configuration.

For the establishment phase alsdager 2 implementation isieeded on the S/T reference point side of the TA
(Figure 1.3). Only layer 3 dedicated procedures apply.

Figure 1.4 gives an example of the message sequence for the establishment phase.

DTE TA ET DCE

X.25 PLP [« @ »  X.25PLP
« R < @ R

LAPB > LAPB LAPB LAPB

X.21/ X.21/ X.21/
X.21 bis X.21 bis 1430 D e X.21 bis

1 | i 1 @ Ttoa 1
R SIT T0716990-93/D10
NOTES

1 The numbersD@®@ and@ |, refer to the same numbers, used in 1.2.2.
2 Events and protocols on the D-channel are not shown in this figure.

FIGURE 1.3/X.31
Active layers in the establishment phase
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DTE TA ET DCE

I(B) [X.25CR] . SABME (x, 5)
. UA (X, S) } LAPD
[(x,s) [S] R
< | (x ) [CP] 0.931
P I (%, s) [C]
SABM (B) R
. UA (B) } X.25,b,TA <& DCE
I(B) [X.25SQ] -
) I(A) [X.25SF]
1(B) [X.25CR] R
X.25, L, TA & DCE
8 zsce) I(A) [X.25CC] } b
Data transfer phase >
T0717000-93/D11

FIGURE 1.4/X.31
Example Q.931 and X.25 message sequences for the establishment phase

[.2.2.1 X.25 outgoing call

The call requestpacket received fronthe X.25DTE is buffered inthe TA. For the allocation of a B-channel the
procedures of 6.1 apply. After allocation of a B-channel a link is established between the DCE in theRtHtAR TA,
following the layer 2 procedures of RecommendaXad?b. Layer 3 ofthe DCE in the PH/AU must be initiated theans

of a restart procedure. The buffereall requestpacket is sent tthe DCE in the PH/AU. At the acknowledgment of the
correct reception of theall connectedoacket, the TA changes to the data transfer phase following the procedures of
1.2.2.3.

[.2.2.2 X.25 incoming call

At the reception of an incoming call the procedure8.®fpply forthe allocation of a B-channel. After allocation of a B-
channel a link is established between the DCE in the PHIAW the TA according to thiayer 2 procedures of
Recommendation X.25. Layer 3 of the X.25 DTE must be initiated by means of a restart procedure. The TA can change to
the data transfer phase following the procedures of 1.2.2.3.

[.2.2.3 Changing to the data transfer phase

After sending theall requestto the network the Thecomes layer 2 relay grminating thdayer 2 protocols on both
sides. Detailed procedure specifications of layer 2 relaying are for further study.

1.2.3  Data transfer phase

In the data transfer phase the TA acts as layer 2 relay (Figure 1.5).
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DTE TA ET DCE
X.25 PLP >  X.25PLP
LAPB > LAPB Lape ¢ LAPB
X.21/ X.21/ X.21/
X.21 bis X.21 bis 1.430 X X.21 bis
1 | i t . 1t 1
R SIT T0717010-93/D12

NOTE — Events and protocols on the D-channel are not shown in this figure.

FIGURE 1.5/X.31
Example configuration in the data transfer phase

1.2.3.1 Transferring to the clearing phase
The clearing phase is entered at the detection that no virtual calls are in progress any more.
This detection can be done by;
— the PH/AU;
— the user (manually).
1.2.4 Clearing phase

For call clearing the following functions are defined:
1) Clearing of the layer 3 connection;
2) Clearing of the layer 2 connection;
3) Release of the B-channel;
4) Changing to the idle phase.

The active layers in the DTE, the TA and the DCE in the clearing phase are shown in Figure 1.6.

DTE TA ET DCE
X.25PLP |« D »  X.25PLP
« . « @ .
LAPB > LAPB LAPB LAPB
X.21/ X.21/ X.21/
X.21 bis X.21 bis 1.430 D e X.21 bis
1 | ) t eftte )
R S/IT TO0717020-93/D13
NOTES

1  The number§D)(® and(® |, refer to the same numbers, used in 1.2.4.
2 Events and protocols on the D-channel are not shown in this figure.

FIGURE 1.6/X.31
Active layers in the clearing phase
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Figure 1.7 gives an example of the message sequence for the clearing phase.

DTE TA ET DCE
Data transfer phase
I(B) [X.25CLR] R
| I(A) [X.25CLC] }x.25, l;, TA & DCE
DISC (B) -
@ b) P UA (B) } X25, |2, TA & DCE
I(x,s)[D]
. . xR 0.052%
I (x,s) [RC]
T0717030-93/D14

 The B-channel is cleared, only if the cleared virtual call was the last one via that B-channel.

b) Layer 2 between DTE and TA is always established.

FIGURE [.7/X.31
Example Q.931 and X.25 message sequence for the clearing phase

1.2.4.1 Detection by the user

After the notification by the useBISC frame issent to the PH/AU which is answered with a Ame. After reception
of the UA frame by the TA, the procedures of 6.4 apply. After these procedures the TA enters the idle phase.

[.2.4.2 Detection by the network

The DISC frame sent e network is answered by the TA with a ftAme. The procedures 6f4 apply to cleathe B-
channel. After these procedures the TA enters the idle phase.
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Appendix I
(to Recommendation X.31)

Interconnection of packet mode TE2s which use the circuit-mode
bearer service of the ISDN

(This appendix does not form an integral part of this Recommendation)

When twopacket mode TE2s are interconnected bylSIDN circuit-modeconnection they willmakeuse of TAs as
shown in Figure IL.I.

ISDN
TE2 TA TA TE2
Packet-mode Circuit-switched Packet-mode
connection

T0717040-93/D15

FIGURE 11.1/X.31

Use of circuit-switched connection for communications
between packet mode TE2s

For such connections the Q.931 end-to-end parameter exchange procedures will be used to exchange the characteristics of
the protocols that will be usaxverthe circuit-switched connection by the. DTEs. T may examinethe frames and
packets of the B-channel in order to perform the necessary functions to support packet mode DTE to DTE communication.

Appendix lI
(to Recommendation X.31)

Example message flow diagrams and example conditions for cause mapping

(This appendix does not form an integral part of this Recommendation)

1.1  Example message flow diagrams

Examples ofthe procedure$or the use of the B- and D-channel network connectjgesand the selection of the
appropriate channdlypes are summarized iRigures|ll.1 to IlIl.7. These figures aréntended tocomplement the
description in the preceding text and do not illustrate all possible situations.

NOTE — Not all frames that may be sent across the TA interface may be represented in the following figures.
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l.1.1 Key to the figures

Q.931 messages
[1 Layer 3
C CONNECT
CA CONNECT ACKNOWLEDGE
CP CALL PROCEEDING
D DISCONNECT
R RELEASE
RC RELEASE COMPLETE

S SETUP
X.25 layer 3 messages

Any layer 3 message preceded by X.25 indicates an X.25 layer 3 packet. (e.g. X.25 CR meeai réitest
CA Call accepted
CcC Call connected
CLC Clear confirmation
CLI Clear indication
CLR Clear request

CR Call request

IC Incoming call

SQ Restart request

SF Restart confirmation
Sl Restart indication

Layer 2 frames
() Layer 2
GTE1 Group TE1 (1 27)
A.B X.26 layer 2 addresses (includes command and response)
SABM Set asynchronous balance mode
SABME Set asynchronous balance mode extended
UA Unnumbered acknowledgement frame
ul Unnumbered information frame (i.e. using unacknowledged information transfer at layer 2)
I Information frame

DISC  Disconnect frame
Layer 2 addresses marked (X, p) indicates that the SAPI element of the frame addressfis padkelt type (SAPI = 16)

information as described in Recommendatip®21.Layer 2addresses marked (x, s) refer to signaltype (SAPI = 0)
information.
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l11.1.2 Example message flow diagrams

TE1 TE1
r— — r—— —
X.25 X.25
terminal TA Network Network TA terminal
SABME(X,s) .
« YA S) (Note 2)
These Q.931 1(x, 8)[S, bc =
procedures are packet mode]
not required
for semi-permanen « I(x, s)[CP]
connections
|
< x, s)C] (Note 4)
| A
(x S)[CA] » (Note 5)
SABM(B)
< UA(B)
1(B)[X.25SQ]
J I(A)[X.25SF] (Note 1) "
I(B)[X.25CR] (Note 3)
(Note 6)
X.25
procedures SABM(A) ,
over B-channel (Note 7) UAA)
as specified <
in 6.3 1(A)[X.25SI]
(Note 6) > X.25
I(B)IX.255F] procedures
I(A)[X.25IC] over-B-channel
» | as specified
I(A)[X.25CC] 1(B)[X.25CA] in 6.3
_ Data transfer phase i
| | T0717050-93/D16
NOTES

1  When the called side establishes the call using D-channel access, the message sequence will continue as from point < 3 > in Figure 111.3.
2 If signalling link is not already established.

3 For packet call offering, the incoming call may be offered to the TA and a B-channel established using the procedure shown in
Figures 1Il.5 and 111.7.

4 The network starts timer T320, if inephented.

5  This message is optional.

6  The network cancels timer T320, if implemented and running.

7  The network establishes the link layer on the B-channel, if it is not already established as specified in 6.3.

FIGURE II1.1/X.31

Example message sequence for the ISDN virtual circuit service B-channel access,
first virtual call set-up in this channel
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TE1 TE1

—— r——
X.25 X.25
terminal TA Network Network TA terminal
. Data transfer phase .
1(B)[X.25CLR I(A)[X.25CLI
(B)X-25CLR] (Note 3 Q! I R
X.25 3 I(A)[X.25CLC] < 1(B)[X.25CLC] X.25
procedures ) procedures
over the DISC(B) > (Note 2) < DISC(B) over the
B-channel UA(B) UA(B) B-channel
(Note 1)
I(x, s)[D] R B Iy, s)[D]
I(x, S)[R I(y, s)[R
Srgfeldures P (%, s)[R] (Note 4) (v, s)[R]
(not required I(x, s)[RC] > _ lty,s)RC]
for sem|l-permanem DISC(x, s) R P DISC(y, s)
connections)
«  UAXS) (Note 5) UAG.s)
g T0717060-93/D17
NOTES
1  When the cleared side has set up the call using D-channel access, the message sequence at the cleared side will be as from point < 4 >
in Figure 111.4.

2 Clearing of the B-channel may be initiated by the netwprdn expiry of timer T320, if implemented. See 6.4.
3 The network starts timer T320, if implemented.

4 The network cancels timer T320, if implemented and running.

5  This sequence is only required if the terminal does not wish to continue with further communication.

FIGURE 111.2/X.31

Example message sequence for the ISDN virtual circuit service B-channel access,
last virtual call cleared in this channel
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TE1l TE1l

X.25 X.25
terminal TA Network Network TA terminal
SABM(B) | SABME(x,p) (Note 2)
UA(B) « YA P) } (Note 4)
I(B)[X.25S5Q] | I(x, p)[X.255Q] _
X.25
I1(A)[X.25SF | X.25SF
procedureq i< (WIX-255F] | I(x pIX.255F]
over the I(B)[X.25CR] I(x, p)IX.25CR] _! (Notes 1 and 5X3>
D-channel > > L (Note 3)
SABME (v, p) _ SABM(A) =
(Note2) | UAwp) |, UA®)
I(y, p)[X.25SI I(A)[X.25SI
(Note 5) (v, P) 1, AL 1,
_I(y, p)IX-25SF] |  1(B)[X.25SF] X.25
procedures
Iy, p)IX.251C] & I(A)[X.25IC] _ [ overthe
g " | D-channel
- I(A)IX25CC] | I(x, p)[X.25CC] I(y, p)[X.25CA] I(B)[X.25CA]
Data transfer phase_
: i T0717070-93/D18
NOTES

1  When the called side establishes the call using B-channel access, the message sequence will continue as from point <1 > in
Figure 111.1.

2 If SAPI = 16 link is not already established.

3 Theincoming call may be offered to the TA using the procedures shown in Figure I11.7.

4 The network starts timer T.320, if implemented.

5  The network cancels timer T320, if implemented and running.

FIGURE I11.3/X.31

Example message sequence for the ISDN virtual circuit service D-channel access,
first virtual call set-up in this SAPI = 16 link

Recommendation X.31  (03/93) 47



48

TE1l

X.25
terminal

X.25
procedures
over the
D-channel

NOTES

TA

Network

Network

TE1l

TA

X.25

terminal

Data transfer phase

I(B)[X.25CLR] . I(x, p)[X.25CLR] (Note1) <> I(y, p)[X.25CLI] | I(A)[X.25CLI]
JAIX25CLC]  I(x, p)[X.25CLC] (Note3) Iy, p)[X-25CLC] _, I(B)[X.25CLC] ] i)(ffziged“fes

DISC(B) , DISC(x,p) (Note 4) « DISC(y.p) , DISC(®) %Vﬁﬁéhnim
. ___UA@B) <« UAX, ) } (Note 2) { UAY.P) o UA(B)

(Note 5)

T0717080-93/D19

1  When the cleared side has set up the call using B-channel access, the message sequence at the cleared side will be as from point <
2 >in Figure 111.2.
2 This sequence is only required if the X.25 DTE does not wish to continue with further communications.

o~ W

Recommendation X.31
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The network starts timer T320, if implemented.
The network cancels timer T320, if irplented and running.
Link layer release may be initiated by the network upon expiry of timer T320, if implemented. See 6.4.

FIGURE I11.4/X.31

Example message sequence for the ISDN virtual circuit service D-channel access,
last virtual call cleared in this SAPI = 16 link



TE1l

X.25
Network TA terminal
UI(GTEI, S) [SETUP, channel (B, D, B/D)] »
These Q.931 >
procedures » I(x, s) [CONNECT, new B]
are over the
D-channel (Note 1) I(x, s) [CONNECT ACKNOWLEDGE] .
SABM(A) -
<« UAA)
(Note 2) I(A)[X.25SI] -
X.25 >
procedures < I(B)[X.25SF]
over a new
1(A)[X.25I
B-channel (AIX.25IC] >
as specified P I(B)[X.25CA]
in 6.3
Data transfer phase
T0717090-93/D20
NOTES

1 The network starts timer T320, if implemented.
2 The network cancels timer T320, ifimplemented and running.

FIGURE 111.5/X.31

Example of incoming call offering procedures using signalling on SAPI =0 link:
Terminal accepts call on a new B-channel
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TE1l

X.25
Network TA terminal
UI(GTEI, S) [SETUP, channel (B, D, B/D)] -
These Q.931 . I(x, s) [CONNECT, established B]
procedures <
are over the I(x, s) [RELEASE, cause # 7] .
D-channel 4
. I(x, s) [RELEASE COMPLETE]
(Note 1) SABM(A) .
X.25 . UA(A)
procedures | [€
over an (Note 2) I(A)[X.25S1] R
established >
B-channel « I(B)[X.25SF]
as specified I(AYX.25]
in 6.3 (A)IX.25IC] >
_ I(B)[X.25CA]
Data transfer phase
T0717100-93/D21
NOTES

1 The network establishes the link layer in the B-channel if it is not already established. See 6.3.

2 The network cancels timer T320, ifimplemented and running.

FIGURE 111.6/X.31

Example of incoming call offering procedures using signalling on SAPI = 0 link:

Terminal accepts call on an established B-channel
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TE1l

X.25
Network TA terminal
UI(GTEI, S) [SETUP, channel (B, D, B/D)]
These Q.931 | | I(x, s) [CONNECT, D]
procedures <
are over the I(x, s) [RELEASE, cause # 7] .
D-channel "
_ I(x, s) [RELEASE COMPLETE]
(Note 1) SABME(x, p) SABM(A)
P UA(X, p) UA(A)
(Note 2) I(x, p)[X.255I] I(A)[X.25SI]
X.25
procedures | |, I(x, p)[X.25SF] . (B)[X.25SF]
over the A
D-channel I(x, p)[X.25IC] I(A)[X.25IC]
%SGSgecified ) I(x, p)[X.25CA] _ I(B)[X.25CA]
Data transfer phase
T0717110-93/D22
NOTES

1 The network establishes the link layer in the D-channel if it is not already established. See 6.3.
The network starts timer T320, if implemented.
2 The network cancels timer T320, if implemented and running.

Example of incoming call offering procedures using signalling on SAPI = 0 link:

FIGURE 111.7/X.31

Terminal accepts call on the D-channel
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1.2 Example conditions for cause mapping

Figureslil.8 throughlil.16 show exampleonditions when causaappingswould be utilized betwee.931 and X.25
messages and utilize the specific mappings of Table 6-5 and Table 6-6 as shown below:

Figure Reference Table Note
ko Q.931 failures during call establishment *****
1.8
1.9
.10 Table 6-5
.11
.12
ko User side failures during X.25 data transfer phase *****
.13 Table 6-5 1
.14 Table 6-5 2
ko Network side premature clearing *****
.15 Table 6-6
.16 Table 6-6
NOTES

1 This mapping is only needed in the case of the Q.931 message arriving prior to the clearing of the last virtual call..

2 This situation always results in either 25 clear indication packet with caug®, “out of order” for switched virtual calls,
or an X.25 reset packet with cause #9, “out of order” for permanent virtual circuits.

Called user ET/PH
e.g. user busy, no channel 4__2&2§J£L_____
available (includes no
LCN available or X.25 CLI
throughput unavailable) (Cause)

T0717120-93/D23

FIGURE 111.8/X.31

Undeliverable call
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Called user ET/PH

’ X.25IC
< Q.931 SETUP
Erroneous message (Note 1) .
i X.25 CLI -
P Q.931 clearing message (Cause) » (Note 2)
(CalAJse) A

T0717130-93/D24

These causes are related
as in Table 6-5

NOTES

1  This figure only applies to the case where the erroneous message results in a Q.931 clearing message. See
6.4.3 for more information.
2 This message would be sent after the expiry of timer T303 on a multipoint interface.

FIGURE 111.9/X.31

Erroneous message (e.g. format error)

Called user ET/PH
P X.25 IC
P Q.931 SETUP
. Q.931 SETUP
X.2 LI
5C > (Note)
(Cause)

T0717140-93/D25

NOTE — This message is sent after the second expiry of timer T303 (defined in Recommendation Q.931).

FIGURE 111.10/X.31
No responding user

Recommendation X.31  (03/93) 53



54

Called user ET/PH

. X.25 IC
B Q.931 SETUP <
Q.931 ALERTING
» T301
Expiry

P Q.931 RELEASE X.25 CLI » (Note)

(Cause) (Cause)

A A

T0717150-93/D26

These causes are related
as in Table 6-5

NOTE — This message is sent after the expiry of timer T301 (defined in Recommendation Q.931).

FIGURE 111.11/X.31

Expiry of timer T301
Called user ET/PH
J X.25IC
P Q.931 SETUP ™
Q.931 RELEASE COMPLETE _
(Cause) X.25 CLI » (Note)
4 (Cause)
: A

T0717160-93/D27

These causes are related
as in Table 6-5

NOTE - This message would be sent after the expiry of T303 when on a multipoint interface.

FIGURE 111.12/X.31
Call rejection by called party
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Called user ET/PH
|

< X.25 data transfer phase
Q.931 clearing message R
(Cause) d X.25 CLI
A (Cause)
A

A 4

v

TO0717170-93/D28

These causes are related
as in Table 6-5

FIGURE 111.13/X.31
Q.931 clearing during X.25 data transfer phase

Called user ET/PH
|

X.25 data transfer phase

<

A 4

(Note 1)

Q.931 RESTART R
(Cause) X.25 CLI

(Cause)

v

or

X.25 RESET INDICATION

» (Notes 1 and 2)

(Cause)
T0717180-93/D29
NOTES
1  The cause parameter in the X.25 CLI packet will indicate “out of order” with diagnostic
value 0.

2 For permanent virtual circuits only.

FIGURE 111.14/X.31
Q.931 RESTART during X.25 data transfer phase
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Called user ET/PH

X.251
y Q.931 SETUP « slc
. X.25 CLI
Q.931 CONNECT . (Cause)
. Q.931 DISCONNECT A
(Cause)
A
T0717190-93/D30
These causes are related
as in Table 6-6
FIGURE II1.15/X.31
Premature clearing of virtual call
(e.g. expiry of X.25 timer T21)
Called user ET/PH
< X.251C
w Q.931 SETUP B
Q.931 CONNECT R
P Q.931 CONNECT ACKNOWLEDGE ) X 25 CLI
_ Q.931 DISCONNECT (Cause)
(Cause) 4
A

T0717200-93/D31

These causes are related
as in Table 6-6

NOTE — This is the case when XigBoming callpacket has NOT been delivered.

FIGURE 111.16/X.31
Premature clearing of the virtual call
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Appendix IV
(to Recommendation X. 3 1)

D-channel TAs requiring full protocol termination in the TA

(This appendix does not form an integral part of this Recommendation)

V.1 Introduction

On the basis of different implementationsXo25 procedures in existing DTESs, several types of terminal adapdorde
identified, namely:

— type 1l: establishment of a logical, SAPI=16, link in the D-channel upon recognition of the receipt of a
SABM frame;

— type 2: idem, on receipt of an | frame;

— type 3: idem, on receipt of a CR packet.

NOTE - Alternatively, initiation of call set-up can be carried out by manual means, for example a push button on the TA.

The first type applies to DTEshich disconnect the link at the R reference point, when no virtual calls pregress,
and is described in 7.4.

However,there are also DTEs which are not able to disconnect the link at the R referenc€hmoafore this appendix
presents possible approaches for the functionalities and the signalling mapping procedures of terminal adaptors, applicable
to DTEs of this type.

These examples should not constrain implementations and do not cover all possible cases.

Iv.2 Call control

In this appendix the following call phases are specified:

idle phase;

establishment phase;

data transfer phase;

clearing phase.
When no virtual calls are in progress, the TA is in the idle phase.
Incoming or outgoing calls force transition to the data transfer phase, via the establishment phase.

After the clearing of the last virtual call the TA tranditsm the data transfer phasga the clearing phase to the idle
phase.

IV.2.1 Idle phase
In the idle phase no virtual calls are in progress.

In the idle phase thiayers land 2 on the Reference point are established, see Figure IV.1XAb layer 2 procedures
are supported by the TA.25 layer 3 restart procedures must be supported, whereasXoftelayer 3 procedures may
be supported.
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DTE TA DCE
Part of
X.25 PLP X.25 PLP
° X.25 PLP
LAPB > LAPB LAPD LAPD
X.21/ X.21/
X.21 bis X.21 bis 1430 1.430
1 ) 1 | )
! D-channel
R SIT T0717210-93/D32

FIGURE IV.1/X.31
Example configuration in the idle phase, non-transparent at layer 3

There is no need to support layer 3 procedures, when an outgoing call is initiated by the DTE by seridingda the
TA. Receipt of that frame is followed bysetting up a D-channel, SAPI16, logical link by the TA; as soon as that link
is established, the TA will transmit the packet contained ingbeived | frame téhe DCE; thapacket has to be aa25
CR packet.

Figure 1V.2 depicts this situation.

NOTE - When only incoming callsare to be supported or the beginning of @utgoing call is initiatedvia the
human/machine interface of the TA (e.gpash button on th&A), there is in principle no need fdhe TA to supportfayer 3
procedures.

DTE TA DCE
X.25 PLP X.25 PLP
LAPB > LAPB LAPD LAPD

X.21/ X.21/
X 21 bis % 21 bis 1.430 1.430
1 i 1 | )
D-channel
R SIT

T0717220-93/D33

FIGURE IV.2/X.31
Example configuration in the idle phase, transparent at layer 3

IV.2.1.1 Transferring to the establishment phase

The TA transmits to the establishment phase at:

— the detection of an outgoing call. Outgoing calls are detected by the receipt of aalXr8§uestipacket ,
or via the human/machine interface of the TA , or by the receipt of an | frame (see 1V.2.2.1).

— the detection of an incoming call. The TA applies the procedu®g fiir the detection andcceptance of
incoming calls (see also 1V.2.2.2).
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IV.2.2 Establishment phase

For call establishment, the following subsequent actions can be distinguished (see Figure 1V.3):
1) establishment of a SAPI = 16, logical link via the D-channel;
2) establishment of layer 3 between the X.25 DTE and the X.25 DCE in the PH,;

3) proceeding to the data transfer phase, during which the TA is always transparent at layer 3.

DTE TA DCE
X.25 PLP |« @ »  X.25PLP
. Relay _ SAPI=16
LAPB LAPB LAPD @ LAPD
X.21/ X.21/
X.21 bis X.21 bis 1-430 1430
S B vl r
I ! D-channel
R SIT T0717230-93/D34

NOTE - The numberg) an@ refer to the numbered actions in this subclause.

FIGURE IV.3/X.31
Example configuration in the establishment phase

IV.2.2.1 Outgoing call initiated via a call request packet or an | frame

NOTE - Reference to an | frantieroughout this appendix means that the figss noknowledgeabout the type of X.25
packet, contained in that | frame.

The call requestpacket received fronthe X.25DTE is buffered inthe TA. A D-channel logical linkSAPI = 16 is
established between the DCE in the &tdl theTA, following the procedures @.921.Layer 3 ofthe DCE in the PH
must be initiated by means of the restart procedure. The butfelledquespacket is sent to the DCE in the PH.

After that the TA proceeds to the data transfer phase.

Figure 1V.4 gives an example of the message sequence for establishment phase.

NOTE — After initiationvia the human/machine interface of thé, a D-channel logicalink, SAPI = 16, is established
between the PH and the TA, following the procedures of Q.921. Layer 3 of the DCE of the PH must be initiated by means of the restart
procedure.

The TA then proceeds to the data transfer phase.
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DTE TA DCE

I(B) [X.25CR] - SABME (x. p) .
@ . UA (X, p)
| (x, p) [X.25CR] >
@ ) (A) [X.25CC] B I (x, p) [X.25CC]
® Data transfer phase

T0717240-93/D35

FIGURE 1V.4/X.31

Example Q.921 and X.25 message sequence
for an outgoing call initiated by the DTE

IV.2.2.2 Incoming call

At the reception of an incoming call, the procedure6.®f2 ofapply forthe allocation of a D-chann&8API = 16link
between the TA and the PH.

The TA proceeds to the data transfer phefter the sending of a UArame, acknowledginthe receivedSABME frame
from the PH.

IV.2.3 Data transfer phase

In the data transfer phase the TA acts &syar 2 relay by terminatinthe layer 2links at both sides angerforming a
mapping function between them, see Figure IV.5. The mapping is described in 7.4.2.

DTE TA DCE
X.25 PLP [¢ >  X.25PLP
< > Relay « SAPI=16
LAPB LAPB LAPD LAPD

X.21/ X.21/
% 21 bis 21 bis 1.430 1.430
1 | ) 1 | )
D-channel
R SIT channe

T0717250-93/D36

FIGURE IV.5/X.31
Example configuration in the the data transfer phase
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IV.2.3.1 Transferring to the clearing phase

The clearing phase is entered at the detection that no virtuabeatihe D-channel link are iprogress anymore. This
detection will be done by the PH (see IV.2.4)

NOTES
1  Alternatively, this detection is done by the user, e.g. notification via a push button on the TA.

2  Detection bythe DTE is not relevant because there are no means tify rthe detection of the clearing of the last
virtual call to the TA (layers 1 and 2 are always established here).

IV.2.4 Clearing phase

For call clearing the following actions can be distinguished (see Figure 1V.6).
1) clearing of the layer 3 connection;
2) clearing of the SAPI = 16, logical link via the D-channel;

3) transferring to the idle phase.

DTE TA DCE
» @ .
X.25 PLP i »  X.25PLP
< , Relay 4@ || SAPI=16 _
LAPB LAPB LAPD Il LAPD
X.21/ X.21/
X.21 bis X.21 bis 1.430 1430
I B S r
D-channel
R S/T T0717260-93/D37

NOTE — The number§) ang) refer to the numbered actions in this subclause.

FIGURE IV.6/X.31
Example configuration in the clearing phase

IV.2.4.1 Detection by the PH

After the clearing of the last virtual calla acertain logical link the PH sendsCASC frame tothe TA, initiating the
disconnection of the D-channeBAPI = 16 logicallink. The TA enters the idle phasafter acknowledginghis
disconnection by sending a UA frame.

Figure IV.7 gives an example of the message sequence for the clearing phase.
NOTE — After the manual notification by the user via the human/machine interface of the TA, the TA B&dsrame to

the PH, requestindor disconnection of the D-channeBAPI = 16 logicallink. After reception ofthe UA frame by the TA
(acknowledging this disconnection), the TA enters the idle phase.
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DTE TA DCE

Data transfer phase

@ I(B) [X.25CLR]

> I(x, p) [X.25CLR]

v

I(x, p) [X.25CLC]

I(A) [X.25CLC]

A

A

@ b) DISC (x, p)

)

UA (X, p)

A

®

T0717270-93/D38

3 The D-channel logical link is disconnected, only if the cleared virtual call was the

last one via that link.
b) Manual notification by the user is supposed.
¢) Layer 2 between DTE and TA is always established.

FIGURE IV.7/X.31

Example Q.921 and X.25 message sequence
for the clearing phase (detection by the user)

Appendix V
(to Recommendation X.31)

References

(This appendix does not form an integral part of this Recommendation)

X.1 International user classes sérviceand categories of access to pubtiata networksand integratedservices
digital networks (ISDNs)

X.2 International data transmission services and optional user facilities in public data networks
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(1.550) integrated services digital networks (ISDNs) for the provision of data transmission services.
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(E.164)
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1.431 Primary rate user-network interface — Layer 1 specification.
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(Q.931)
1461  See X.30.
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Q.921 See 1.441.
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100-series interchange circuits.
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